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ABSTRACT 
It has been found that the nitration of suitably 
substituted aromatic compounds in nitric acid-acetic 
anhydride at 0° gives a mixture of products, some of 
which result from attack by the nitrating species at 
substituted ring positions (ipso-nitration). From 
this and earlier work, it is now knmvn that ipso-
nitration may occur at ring positions substituted by 
either chloro, bromo, methyl, ethyl or metho:xy groups. 
The product distributions suggest the factors determining 
the ratio of products arising from ipso-nitration and 
normal nitration are very sensitive to substituent 
changes. In general, however, provided the substituted 
ring position is of comparable reactivity to the available 
unsubstituted reaction sites, ipso-nitration is expected 
to be observed. 
Among the products that may arise from ipso-
nitration are nitrocyclohexadienones which rearrange 
to 2,-nitrophenols. The rearrangement mechanism of two 
of these-dienones has been studied and found to be· 
intermolecular, involving cleavage of tpe dienone into 
phenoxide and nitronium ions. 
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I N 1' C T I 0 
Nitric acid in acetic anhydride was first used as 
a nitrating agent by Orton 1 and the physical, and some 
chemical properties of this mixture were shown to be the 
same as those of an acetic acid solution of acetyl 
nitrate (prepared from acetic anhydride and nitrogen 
pentoxide 2 ' 2 a) • However, although nitric acid-acetic 
anhydride mixtures have been used extensively in the 
preparation of aromatic nitro compounds, the nature of 
the actual nitrating agent and its mode of action remain 
doubtful. Nitration of a series of methylbenzenes in 
this medium was found to be accompanied'by significant, 
sometimes major, ~1ounts of acetoxylation to give aryl 
3 
acetates • Thus toluene and ~.:..xylene gave small ( < 5%) 
amounts of acetate while _£-xylene produced 51% 3,4-di-
methylphenyl acetate. These anomalous products v.Jere 
also found in the naphthalenes. For example, 1-methyl-
naphthalene gave an unspecified amount of an acetoxy 
d . t. 4 er1va 1ve • 
Ear studies of acet la'tion 
Originally it was thought that the aryl acetates 
arose from electrophilic attack on the aromatic ring by 
protonated acetyl nitrate. This suggestion was based 
on kinetic studies of the nitration and acetoxylation of 
_£-xylene and the product distributions obtained from the 
methylbenzenes. 
.An electrophilic acetoxylating species 
was indicated by the fact that the higher methylbenzenes 
generally gave greater yields of acetoxylation products. 
Sterically hindered positions were found to be poorly 
acetoxylated even though the highly acetoxylated un-
hindered positions were less active. £-Xylene, for 
example) with two ring positions almost equally activated 
for electrophilic attack, gave acetoxy products only in 
the unhindered 4-position, not in .the 3-position which 
5 is flanked by a 11 buttressedtt methyl group • Similarly, 
in .hemimellitene the 4-positions are more activated but 
also more hindered (by a "double-buttressed" methyl group) 
than the 5-position; the 5-position gave 35% acetoxy 
product and each 4-position only 5%. These observations 
w?re explained by postulating a bulky electrophile. The 
6 kinetic study showed that both the acetoxylation and 
nitration reactions for £-xylene were zeroth order in 
substrate concentration, that the addition of sulphuric 
acid or acetic acid to the reaction mixture accelerated 
both reactions and that in the presence of added lithiun 
nitrate both were retarded. !\'lost important, the ratio 
of the rates of acetoxylation and nitration remained 
constant under all reaction conditions over a very wide 
range of rates. This evidence sugg~sted that nitration 
and acetoxylation occurred through a common species or a 
common precursor and the acceleration produced by 
sulphuric acid indicated a protonated species. Since 
2 
nitric acid in an excess of acetic anhydride was known 
to exist almost entirely as acetyl nitrate 7 the obvious 
electrophile was protonated acetyl nitrate. If the 
rate-determining step was the formation of protonated 
acetyl nitrate, the reaction would be zeroth order in 
aromatic substrate as observed. The mechanism proposed 
as a result of these studies was that outlined in 
scheme I. 
HN03 + Ac2o 
---" HOAc + AcON02 ~
+ HA ---->. + - {Slow) Ac0N02 "('""- AcON02H + A 
+ 
--7 ArOAc + ArN02 • AcON02H + ArB 
Scheme I 
Evidence lie ace on 
This mechanism has subsequently been shovm to be 
incorrect. It was based on the assumptions that the 
reaction was truly zeroth order in aromatic substrate 
and that acetates arose from electrophilic attack of 
an acetoxylating agent. These assumptions are now 
known to be invalid. 
Studies on zeroth order tics in nitric acid-acetic 
anhydride mixt::1_re~ 
Recently doubts were raised 8 concerning the 
authenticity of these apparently zeroth order reactions 
3 
involving nitric acid-acetic anhydride mixtures partly 
because the concentration of the aromatic c:ompound 
required to attain the zeroth order was much greater in 
acetic anhydride than in other solvents., It was also 
found that the value of the "zeroth order 11 rate constant 
depended to some extent on the nature and concentration 
of the aromatic substrate. Thus for ~ri-Il = ca. 0.5 
mol. 1 , the zeroth order rate with ~-xylene was found 
to be 46% greater than that with £-xylene, and the 
zeroth order rate of nitration of anisole was increased 
by more than a factor of two when' the substrate concen-
. . f 1 1-1 ( 9 )· trat1on 1ncreased ·rom 0.1 to 1.0 mo . F?idd 
et a1 8 studied the nitration of benzene, toluene, 
~-xylene and mesitylene in acetic anhydride and estab-
lished that the order ·with respect to the aromatic 
compound decreased from 1 to 0 as the concentration of 
aromatic compound increased. They interpreted this 
change in order as primarily a medium effect rather 
than rate-determining formation of the electrophile. 
The change in order with respect to aroo1atic substrate 
could be explained if high concentrations of aromatic 
compounds decreased the ra,te of nitration by a medium 
effect. The apparent zeroth-order reaction wou1d then 
arise from the superposition of this·medium effect on 
the normal first-order kinetic form; different sub-
strates would then give different zer6th-order rates 
as. observed. 
This hypothesis w~s tested by determining the 
effect of inert aromatic compot:tnds {E,-dichlor<;>benzene 
and 1,2,4-trichlorobenzene) on the rate of nitration 
of mesitylene. These two additives caused gnificant 
medium cts which were used as a model·for the 
medium effects of the aromatic substrates studied; 
the corrected data for.mesitylene and toluene nitration 
were·found to adhere closely to rst 7 order form even 
-1 
at high concentrations of aromatic compound (0.5 mol.l 
mesitylene). 
Evidence for an addition-elimination acetoxylation 
mechanism 
A number of studies on nitration of di- and tri-
methylated benzene compounds in nitric acid-acetic 
anhydride by Blackstock resulted in the isolation of 
1,4-acetoxy-nitro adducts which decomposed to aryl 
acetat~s in aqueous media. Thus _£-xylene in nitric 
. 0 
acid-acetic anhydride at 0 gave the cis and trans 
dienes (Ia,Ib) which decomposed to 4-acetoxy-£-,.xylene 
in aqueous media 10 Hemimelli tene gave diene {II) . 
. . 1 . . 
and E.-xylene gave d1ene (III) 1 wh1ch, under the sam.e 
~ecomposition conditions, gave ring-acetoxylated products. 
Diene (III), unlike the .others, cannot rearonw.tise by 
simple nitrous ·ac~d loss and instead undergoes a 1-2 
acetate shift to form 2-acetoxy-E,-xylene . 
. . 
. . ·· 
5 
~ 
H OAc 
I a 
OAc 
Ib 
H OAc 
usually 
represented 
as 
II III 
r 
The isolation of such dienes and their quantitative 
decomposition to aryl acetates was proof that the acetate 
products observed in the nitration of ,52-xylene and hemi-· 
mellitene were formed via the addition-elimination path-
way {Scheme II) and not by electrophilic acetoxylation. 
Me Me NO 2 !'<1e 
Me 1e ie I'·IO + I + I 0/l..c 2.> I I 
4, / 
,_,. 
Me /-2 
0' Iv1e 
Scheme II 
6 
The initial attack by the nitrating species in nitric 
acid-acetic anhydride mixtures (represented here as 
N02+) at a substituted ring position was termed ipso-
. t' 12 n~tra ~on and this term is now generally accepted in 
the literature., 
Treatment of 5-substituted hemimellitenes and 
4-substituted £-xylenes with nitric acid-acetic 
anhydride at 0° gave 4-nitro-cyclohexa-2,5-dien-1-ones 
13 
as well as normal ring-substituted nitro products • 
The suggested mechanism was similar t6 scheme II in that 
it consisted of ,ipso-attack at a methyl-substituted ring 
position followed by trapping of the resulting benzen-
onium ion (IV) by a nucleophile to give a diene (V). 
R ::::: H, l">'le 
X ::::: OAc, ONe, Br 
NO+ 
2 
R 
R 
X 
IV 
Me 
0 
VI 
N02 
tvle 
R 
OAc 
X OAc 
v 
Scheme III 
Dienes of type (V) were not isolated at the time but 
were assumed to be very unstable and to rapid~y eliminate 
AcX to give nitro-dienones (VI). It was found that 
0 . 
reactions run at low temperatures (-50 ) showed signals 
in the diene region of the n.m.r. spectrum~ These 
peaks disappeared as the dienone signal appeared at the 
0 
work-up temper a ture of. 0 • This assumption was recently 
supported by the isolation of the cis. and trans ,isomers 
of the adduct (VII) which decomposed readily to 3,4-di-
methyl-4-ni tro-cyclohexa-2, 5-dien-1-one ?7 The dienones, 
in turn, rearranged in a number of solvents and gave 
nitrophenols as the major product. 
The formation ts 
The addition-elimination mechanism was also used 
to explain the formation of side-chain nitro products 
isolated from the nitration of polymethylbenzenes by 
nitric acid-acetic anhydride at 0° 14 • . Psi::mdocumene, 
durene, isodurene, prehni.tene and pentamethylbenzene all 
gave side-chain nitro pr9ducts. In all these cases,. 
the phenylnitromethane isomer formed was the one 
resulting from substitution on the methyl group Eara 
to the most activ~ted methyl-substituted ring position; 
none of the hydrocarbons which did not have a methyl 
8 
group ~ to such a 
side-cha{n products. 
position, e.g. mesitylene, gave 
15 The mechanism proposed was:-
Me N02 Me Me N02 
'Me11Me 
e NO+ 
2 + -H, 
~ t-1e 
l + l ~ j 
,.....: 
Me Me / CH ~ NO+ 2 ~1 e Me Me VIII 
Me 
IX Scheme (IV) 
·The intermediate (IX), similar to (VIII) had been 
16 isolated from the methylation of hexamethylbenzene 
and results from the nitration of 1,4-dimethyl-
naphthalene 17, l'ia and chlorination of 1-methyl-
naphthalene by thionyl chloride 18 supported such a 
mechanism. 
A possible alternative mechanism leading to 
side-chain nitro products involved the formation of 
the methylenecyclohexadiene species (VIII) from the 
decomposition of a diene and not by proton loss 
from the benzenonium ion. (Scheme V). This was 
originally considered unlikely because a diene of 
this type isolated from the nitration of £-xylene (III) 
did not decompose in this manner. However, recently 
dienes (Xa-d) and (XI) were isolated 19, 20 and found to 
decompose to give side-chain nitro products. In the 
9 
Me 
0 
Me 
l\1e NO + 
2 
OAc 
Me 
Me Me 
-HOAc 
Me 
0 
Scheme (V) 
XI 
case of diene (XI) the decomposition was followed by 
n.m.r. but at no stage wer.e there any major peaks 
observed which could be attributed to an exocyclic 
diene of type (VIII);o This suggested that if an 
exocyclic diene formed, it was more reactive than 
other intermediates in the reaction sequence. In 
spite of the lack of direct evidence for their 
10 
existence, the exocyclic dienes (VIII) are considered 
key intermediates in the formation of side-ch~in pro-
ducts for reasons explained in the discussion~- During 
f h . . t 1" . 20 . d the course o one of t e decompos1t1on s uc1es ev1 ence 
was obtained, at -60°, for the ni tronium rd trate 
diene (XII) . 0 When the temperature was raised to -40 
the signals of the diene (XI) appeared. This is the 
only· case to date iri which strong evidence for nitronium 
nitrate adducts has been reported although they have 
21 been postulated before . It is clear that acetyl 
nitrate adducts (X,XI) are formed dur~ng the side-chain 
·nitration of pseudocumene and 1,4-dimethylnaphthalene 
although they may not be necessary intermediates since 
they are in equilibrium with the initially formed 
nitronium nitrate adductso It may be the nitronium 
nitrate adducts that are converted to the next. $tep in 
the side-chain nitro formation. Doubt remains as to 
the exact mechanism by Which side-chain nitro products 
arise from the nitration of polymethylbenzenes in 
nitric acid-acetic anhydride, but it is certain that 
the initial step is !:eso-ni tration at a meth.yl-
substituted ring posit~on. 
Before Blackstock's nitration work on polymethyl-
benzenes, Bacch:loci and Illuminati had chlorinated 
hexamethylbenzene using chlorine in ·anhydrous acetic 
22 
acid and obtained a side-chain chloro product . 
Their proposed m~~hanism was:-
11 
12 
Side-chain halogenation also occurred. in polymethyl-
b . th b . 23 ICl 24 . . . d · enzenes wl romlne or . ln.acctlC acl . 
Similar mechanisms had been proposed for these reactions. 
However, scheme (VI) did not account for th~ 
products formed in Blackstock's nitration work. 
Scheme (VI) , when applied to nitration, requir.ed the 
nitro group to rearrange from one methyl-substituted 
position to another methyl group .£E_tho to·it. In two 
cases, pseudocumene ;:\nd isodurene, the side-chain 
nitration occurred on a methyl group which had only 
unsubstituted ring positions ortho to it. ·If side-
chain nitration were to occur by an intramo.lecular 
transfer of the nitro group, it would mean that the 
'rearrangement took place from t.he "normal" a--complexes 
( XI I I, XIV, XV) • · This was considered unlikely since 
such ions can readily rearomatise by proton loss and 
also because only.· one side-chain nitro product was 
formed from each compound; (XIII) and (>..'V) could each 
transfer the nitro group to two different methyl groups. 
Me Me Me 
Me l\Ie M 
N0
2 
N02 
Me Me Me 
XIII XIV XV 
Ad.di tion products in other systems 
Most of the earliest evidence for addition to 
aromatic systems was found in fused aromatic systems. 
In terms of resonance stabilisation energies it is not 
unexpected that such systems form adducts more easily 
than isolated rings. The stabilisation energy of 
naphthalene is 256 kJ/mole and the resonance energy 
of benzene is 152 k.J/mole 25. Thus the resonance 
energy lost by forming the acetoxychloride adduct 
26 isolated in the chlorination of naphthalene is 
104 kJ/mole. This figure does not allow for any 
conjugation from the double bond. The same applies 
to the formation of a tet~achloride and an acetoxy-
chloride in the chlorination of 2-methylnaphthalene 
. 't' 'd27 1n ace 1c ac1 • Formation of the'9,10-addition 
product from anthracene 28 results in the loss of about 
48 10 /mole resonance stabilisation energy while in 
r,;e 
N02 
. 29 
phenanthrene , 80 kJ/mole is lostc To form a diene 
13 
adduct from an isolated benzene ring system requires 
the loss of about 152 .kJ/mole of resonance stabilis-
ationo The instances where this occurs are corres-
pondingly fewer although biphenyl knovm to give a 
small amount of adduct 30 and certai~ methylated 
biphenyls give appreciable amounts of acetoxychloride 
adducts31 • 
. As has been pointed out, these 11 anomalous 11 ,nitration 
products may not always be formed to indicate an 
dd 't' 1' . t' h . 32 a 1 1on-e 1m1na 1011 mec an1sm • If addition products 
are unstable under the conditions of reaction and 
·especially if they decompose into the same products 
which are formed, or expected to be formed by direct 
electrophilic substitution, they will be very difficult 
to detect. Such a case occurs in the chlorination of 
phenanthrene where the dichloro adduct decomposes to 
29 give 9-chlorophenanthrene • 
s. 
The major features of the reaction of methyl-
benzenes with nitric acid-acetic anhydride are now 
clear. Ring nitro produ.cts are formed by normal 
electrophilic attack at an unsubstituted ring position 
and the key step in the.formation of ttanomalous" 
nitration products is ~-nitration· at a methyl-
substituted ring ~osition to form a benzenonium ion 
14 
which may add a nucleophile (usually acetate) to 
generate a pair of dia~tereoisomeric dieneso · The 
dienes rearrange to give aryl acetates (scheme II) and 
possibly re~rrange by loss of acetic acid to give the 
methylenecyclohexadiene (e.g. VIII); the intermediate 
in side-chain nitro formation.(scheme V). Alternatively, 
the methylenecyclohexadiene may arise directly by proton 
loss from the initial benzenonium ion.(scheme IV). 
When the diene is of type(V) it rearranges to give a 
dienone which in turn rearranges to a nitrophenol 
(scheme III). 
This thesis examines three particular facets of 
the reaction of aromatic substrates in nitric acid-
acetic anhydride mixtures: (i) the possibility of 
~-nitration at groups other than methyl, (ii) the 
sensitivity of i]2so-nitration to substituent anq steric 
effects and (iii) the mechanism by which the dian6nes 
rearrange to the nitrophenols. 
15 
Melting points are uncorrected. N .m. r •. ppectra 
were run on a Varian A60 or Varian T.60 machine in CC14 
or CDC13 solu on using TMS as an internal standard. 
Inf~ared spectra were run on a Shimadzu 227 spectrometer 
as smears, nujol mul or KBr discso f\1ass ctra were 
run .on an AEI MS 902 mass spectrometer. Ultraviolet 
spectra were run in trifluoroethanol solvent on a 
Shimadzu IVJPS-50L spectrometer. Gas chromatography 
was carried out using a Varian Aerograph Ivlodel 1200 
.with a flame ionisation detector; peak areas were 
measured with a Kent Chromalog Integrator. Columns 
most often used were FFAP (3% on Chromosorb G), PDEAS 
( 39~ on Aeropak 30), PEGA ( 2-1-% on. A.eropak 30) , SE-30 
(3% on Aeropak 30) and QF-1 (2% on Aeropak 30).. 
Preparative gas chromatography was carried out on an 
Aerograph Autoprep l\1odel 705. 
Reagents 
(s.g.1.52) was distilled. from a 
mixture of concentrated su~phuric acid (2 volumes) and 
nitric acid (1 volume) at room temperature and 1 mm. 
pressure and stored in dry ice. Nitric acid prepared 
in this way cotitains 1~ss than 0.01 mole per cent 
nitrous acid and does not decompose significantly 
• • . . 0 33 
w1th1n several weeks at ~64 Acetic anhydride (AR} 
16 
17 
was refluxed over magnesium turnings for several 
days with silica gel drying tubes attached. It 
was fractionated on a 30-plate column; the fraction 
boiling between 139° and 140° was collected and used. 
Alumina for column chromatography was P. Spence, Grade H, 
deactivated by adding either 5% or 109~ by weight of 10% 
aqueous acetic acid. Silica gel for column chromato-
graphy was Crosfield's 11 Sorbsil11 Grade B.S.S. Solvents 
for column chromatography·were technical grade, .LiglU; 
petroleum (50-70) was distilled of£ P2o5 and ether was 
distilled off sodium hydride and stored over sodium-
.wire. 
of aromatic substrates 
par a·IHe lbenzene was prepared by acylation of 
34 d d . ethylbenzene an re uct~on of this ketone with Zn/Hg 
35 
amalgam • 0 0 36 It had b.p. 183 /760 mm. (lit. 183 /760 mm. ). 
par toluene was prepared by acylation of 
toluene 37 and reduction of the resulting ketone by Zn/Hg 
35 
amalgam • 01 . 0 36 It had b,.p. 162 760 mm. (l~t. 161-2 /760 mm. ). 
Eth~lmesitylene was pr ared by acylation o£ 
mesi tylene 38 and reduction o£ the resulting ketone with 
35 Zn/Hg amalgam • 
210°/725 mm. 39 )o 
It had b.p. 212-5°/760 mm. (lit. 
Bromomesitylene was prepared by bromination of 
40 
mesitylene • It had b.p. 222°/760 mm. (lit.105-7°/17mm4~. 
?2-i~-Trimethoxybromobenzene was prepared by the 
. "'·1 41a 
methylation of phlorogluc1nol - ' and bromination of 
the resulting phloroglucinol trimethylether 42. 
m.p. 96-7° (lit. 97-9° 42 ). 
It had 
Chlor 
. 43 
of mes1tylene • 
was prepared by the chlorination 
0 It had b.p. 206-7 /760 mm. (lito 
0 43 204-6 /760 mm. ) • 
2,4,6-Trimethoxychlorobenzene was prepared by the 
chlorination of phloroglucinol trimethylether with 
sulphuryl chloride 44 and by the chlorination of phloro-
glucinol trimcthylether with phosphorus pentachlor ide 45• 
It had m.p. 92-3° (lit. 93° 45 ). 
Fluoromesi lene was prepared from mesidine by 
the following method (Scheme VII). 
Me 
1. HCl 
2.NaN02 
.,.. 
1e ~re 
Me 
Me 
1e 
N + Cl-
2 
!'~aBF 4 
Me 
Scheme ( VI I ) 
The diazonium tetrafluoroborate was prepared om 
mesidine by diazotisation with nitrous acid and hydro-
chloric acid, followed by the addition of a cold,aqueous 
solution of sodium tetrafluoroborate. The resulting 
precipitate was dried and decomposed to give fluoro-
18 
mesitylene 46• It had bopo 167°/760 mm. (lit. 168.5-
. 43 
168.7/760 mm. ). 
phloroglucinol by the following method (Scheme VIII). 
OH OH 
Hl'T03 
H2so4 
> 
OH 0 
OMe 
Me Me 
F 
H 
(Me) 2so4 
base > 
MeO 
J'vleO 
MeO I C~H6, ac·ive 
NH 
. 2 
19 
Fe 
Scheme (VIII) 
Mononitrophloroglucinol was prepared by the nitration 
47 41 
of phloroglucinol and methylated to give mononitro-
phloroglucinol trimethylether. This was reduced to the 
corresponding amine by treatment 1vi th active iron and 
48 49 benzene ' " 2,4,6-Trimethoxyfluorobenzene was 
prepared from the amine as a thich: colourless oil by 
the method used in Scheme VII. 
f\1ethoxymesi tylene was prepared f.rom freshly 
distilled mesidine by diazotisation and hydroxylation 50 
and methylation of the resulting mesitol 41• It had 
o o1 . ·51 b.p. 200 /760 mm. (lit. b.p. 29 0.4-0.45 mm. ) . 
.?.£!.1.6-Trimethylbiphenyl was prepared from aniline 
52 
and mesitylene by the Gomberg-Bachmann-Hey method • 
It was washed with hydroferrichloric acid 53 and obtained 
2C 
as a yellow liquid; b.p. 275°/760 mm. (lit. 275-7/76omm.S2 ). 
phloroglucinol trimethylether and benzene by the method 
. 54 
of Norman et al .• It was hoped that the product of 
this reaction would be 2,4,6-trimethoxybiphenyl but in 
fact it gave a 50:50 mixture of biphenyl and hexamethoxy-
biphenyl which was separated by column chromatography. 
2,4,6-trimethoxybiphenyl could not be made by any of the 
conventional methods. 
was prepared from anisidine and 
52 benzene by the Gomberg-Bachmann-Hey method •. 
0 • 0 55 
m.p. 89-90 (l1t. 88-9 ). 
It had 
±:BJ:omobiphen);:l was a commercial sample recrystallised 
from ethanol to give white crystals; m.p. 89° (lit. 
89.5-90° 56 )o 
parar·~hoxytolu~ was prepared by the methylation 
57 0 
of r::ara-cresol • It had b.p. 174-6 /760 mm. (lit • 
. 58 
174/758 mm. ) . 
par a-!? r~toluene was a commercial sample purified 
by column chromatographyand recrystallisation from 
light petroleum: ether. 
sc prepared by the acetoxyli'ltion of the appropriate phenols ~. 
method (Scheme IX). Isophorone oxime was prepared by 
21 
0 NOH 
EHCO!Ile- NHCO:tvle 
Me 
isophorone 
Me 
F re 
~ + 1\ III 
lVJe Me Me Me 
T',~e 
Scheme {IX) 
the reaction o£ isophorone and hydroxylamine in pyridine 
and methanol. The oxime was treated with acetyl 
·chloride in acetic anhydride arid pyridine to form a 
mixture o£ 3,4,5-trimethylacetanilide and 2,4~5~ 
trimethylacetanilide. The mixed acetanilides were 
refluxed with 20% sulphuric acid to give the corres-
ponding anilines. After distillation and recrystal.., 
lisation from pentane, the 5-aminohemimellitene was 
60 . .. 
obtained pure , . and converted to the diazonium 
tetrafluorobora~~ salt, a white solid deconposing at 
0 85-6 to give 5-fluorohemimellitene as a colourless 
liquid; b.p. 182-3°/760 mm. 
5-BromOJ2~eudocumene was prepared by the hromination 
61 0 • 0 61 
of pseudocumene • It had m.p. 70 (l1t. 71 ). 
amine made as precursor to 5-fluorohemimellitene; 
recrystallisation of the crude product from ether gave 
0 . 0 62 yellow crystals; m.p. 166 (ll.t. 166 ). 
ortho-Xylene was a conunercial sample purified by 
distillation through a 30 em. Vigreux column to give 
greater than 98% pure £-xylene (g.l.c.). 
par a-13romoe lbenzene was a commercial sample 
purified by distillation through a 60 em. Nester-Faust 
annular teflon spinning band. 
All starting materials were greater than 98% 
pure by g.l.c. 
Gener Nitration Procedure 
For analytical runs, the aromatic compound (O.Sg) 
was dissolved in acetic anhydride (2 mi.) and cooled to 
0°. Nitric acid (0.1 ml.) dissolved in acetic anhydride 
( 1 ml.) was run in dropwi~e with stirring9 After 1~ 
hours the reaction ~ixture was quenc~ed in water (50 ml.), 
extracted with ether (20~30 ml.), the ether extract 
washed with water and dried over magnesium sulphate. 
After removal of the ether the sample was analysed by 
g.l.c. An estimate of the amount of dienes and 
22 
dienones present was obtained from the n.m.r. spectrum 
of the crude reaction mixture. This was al~ays in 
close agreement with the amount of diene and dienone 
decomposition products indicated by g.l.c. analysis. 
For preparative runs more nitric acid was used, 
usually in the ratio of 2 moles nitric acid to 1 mole 
of aromatic compound. . The work-up procedure used was 
one ·or both of the following:-
(1) After nitrating as above, the reaction 
mixture was pumped under vac1:1um at or below room 
tempernture to remove solvent. This was a lengthy 
procedure (1-2 days) and the result was in nearly every 
case a yellow oil \·llhich was adsorbed onto alumina or 
silica for column chromatography. 
(2) After nitrating as above, the reaction 
mixture was quenched in cc14 (200 ml. for 5 g.; aromatic 
substrate). The CC14 was washed with water and dried 
with magnesium sulphate and the CC14 removed under vacuum 
at room temperature •. The·resrilting yellow oil was 
chromatographed as described belov-r. 
Isolati~.:m of final produc~ 
para-Diethylbenzene ( 8 g.) vJas n.i trated and worked 
up by both methods. In both cases the residue was 
\ 
adsorbed onto 1QJ~ deac·tivated alumina. Elution with 
light petroleum. g'ave 2-ni tro-1, 4-diethylbenzene as a 
yellow liquid, b.p. 254-8 °/760 (lit. 137-40/12 63 ) ; 
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n.ni.r .. (CC1 4 ) S= 1.,25 (t, J = 8 c .. p.s.ArCH2C!:!3 ,6H), 
2.,71 (q$J = 8 c.p.s.ArC!i,2CH3 ,2H), 2.89 (q,J::::: 8 c.pos. 
ArC!!_zCH 3 ,2H), 7.30 (s,Ar!:!,2H), 7.75 (s,ArH,1I-I); I.R. 
-1 (smear) 1530, 1330, 1055, 790 em ; mass spectrum, 
+ m/e 179 (l\1 ) (Found m/e 179.094495. Calc. for c10H13No2 : 
179.094263) .. Elution with 49:1 light petroleum:ether 
gave ~-nitroe!,hyl}-ethylbenzene as white crystals; 
24 
0 
m.p. 75; n.m.r. (CC14 ) ~= 1.30 (t,J=8 c.p.s.ArCH2C!:!,3 ,3H), 
1o65 (d,J=8 c.p.s., ArCHN02C!:!3 ,3H), 2.75 (q,J=8 c.p.s. 
Arq:_bCH3 ,2H), 6.00 (q, J:::: 8 c.p.s. ArC!:!N02CH3 ,1H), 7.39 
-1 (broad s,Ar!:!,4I-I); I.R. (KBr) 1530, 1355, 850 em ; 
mass spectrum, m/e 179 (M+) (Found m/e 179.094461. 
c10H13No2 requires mol. wt. 179.094263). Elution 
with 32: 1 light petroleum: ether brOl.J.ght through ?_::acetoxy-
1 t4:.diet~benz~ as a colourless liquid; . b.p. 
233-9°/760; n.m.r. (CC14 ) S = 1.30 (t, J = 8 c.p.s. 
ArCH2C!:!3 ,6H), 2.,02 (s,ArOA£,3H), 2.76 (q, J = 8 c.p.s. 
ArC!:!2CH 3 ,2H), 2.88 (q, J::: 8 c.p.s. ArC!:!2CH 3 ,2H), 7.,35 
(s,Ar!:!,2H),, 7,.85(s,Ar!:!,1H); I.R. (smear) 1730, 1225, 
865 cm-1 ; mass spectrum, m/e 192 (M+) (Found m/e 
192.115543. c12H16o2 requires mol. wt. 192.115023). 
Further elution with 32:1 light petroleum:ether gave 
one o:f the isomers o:f .Lt..:!.::..dietf1xl-1-:aceto~4-nitro­
cyclohexa-2,5-di~ as a yellow oil;· n.m.r. (CC14 ) 
~ = 1.25 (t,J::8 c.p.s. ArCH2C!:!3 ,6H), 2.00 (s,Ar0~£,3H), 
2.12 (q,J=8 c.p.s. ArC!:!2CH3 ,2H), 2.90 (q,J=8 c.p.s. 
Arq,:!zCH3 , 2H), 6.10 ( s, diene protons, 4H); I. I-<. (smear) 
1740, 1540, 1370, 1220 cm- 1 u.v, (TFE) A max= 197.5 nm, 
€ == 16,300. The diene isomer decomposed into more than 
one product. A sample of the isomer was heated in 
acetic acid containing a little nitromethane as a 
standard, and the proportions of the products formed 
determined by n.m.r. analysis of the mixture after 
heating. The decomposition products were £-diethyl-
benzene and 2~acetoxy-1,4-diethylbenzene in the ratio 
1:2. Before work-up of the nitration mixture there 
was n.m.r. evidence of the other diene isomer but it 
was much more reactive and was not isolated. 
para-Ethyltoluene (10 g) was nitrated, worked up 
by method (2) and adsorbed onto 10% deactivated alumina. 
Elution v.ri th light petroleum gave a mixture of 2-and 
3-nitro-4-ethyltoluene. These were separated by 
further chromatography on 10% deactivated alumina to 
give 3-nitro-4-ethyltoluene as a clear liquid; b.p. 
25?/760 (lit.115-20/1064); I n .m.r. (CC14 ) S = 1.20 
(t, J=8 c,p.s. ArCH2C!i,3 ,3H), 2.43 (s,ArC!i,3 ,3H), 2.85 
(q,J=8 c.p.s.ArC!i,2CH3 ,2H), 7.25 (s,ArH,2H), 7.70 
( s , Ar!i, , HI ) ; -1 I.R. (smear) 1535, 1335, 860 em ; mass 
+ 
spectrum, m/e 165 (M ) (Found m/e 165.078102., Calc. 
This compound was reduced 
t th d . . b.p. ?3~1760 (l~t.110°/1o64 ), o e correspon :1.ng amlne; - ~~  
t 'l'd 142° (1' 142° 611 ) ace an:1. 1 e; m. p. · 1 t. • 2-Nitro-4-
ethyltoluene was obtained as a clear liquid; 0 b • p • 2 48 /7 60 
( ll. t 0 2 4° 0 6 5 ) ; ( cc 1 ) (" 1 2 0 ( t J 8 . o n.m.r. 4 0 = • , = c.p.s. 
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ArCH2C!:!3 ,3H), 2.64 (s,ArC.!:!3 ,3H), 2.69 (q,J::::8 c.p.s. 
ArC!:!2CH3 ,2H), 7.25 {s,Ar!:!,2H), 7.70 (s,ArH,lH); I.R. 
(smear) 1535, 1335, 855 cm- 1 ; mass spectrum, m/e 
+ 165 (~1 ) (Found m/e 165.078396. Calc. for c9H11No2 
165.078973)e This compound was reduced to the 
corresponding amine; 0 • 0 65 b.p. 231 /760 (llt.220-230 /773 ), 
' 0 0 65. 
acetanilide; m.p. 135 (lit. 136 J. Elution with 
49:1 light petroleum:ether gave 4~~~Pll-phenylnitro­
~~ as a liquid; b.p. 115-18°/760; n.m.r. (CC14 ) 
~:::: 1.27 (t, J=8 c.p.s. ArCH2C.!:!3 ,3H), 2.66 {q,J=8 c.p.s. 
ArC!:!zCH3 ,2H), 5.32 (s,ArC!:!2No2 ,2H), 7.27 (s,ArH,4H); 
-1 I.R. (smear) 1530, 1325, 830 em ; mass spectrum m/e 
165 (M+) (Found m/e 165.078962. c9H11No2 requires mol. 
wt. 165.078973). Further elution with 49:1 light 
petroleum: ether gave 4- ( o( -n:i. tro~thyl) -toluene as a 
pale yellow liquid; b.p. 80-1°/760; n.m.r. (CC14 ) 
& :::: 1.62 (d,J=8 c.p.s. ArCJ-IN02q,!3 ,3H), 2.60 ( s,ArC.!:!3 ,3H), 
5.92 (q,J=8 c.p.s. ArC.!:!N02CH 3 ,1H), 7.44 (broad s,ArH,4H); 
-1 I.R. (smear) 1535, 1330, 855 em ; mass spectrum, m/e 
165 (M+) (Found m/e 165.078812. c9H11No2 requires mol. 
wt. 165.078973). Elution with 32:1 light petroleum: 
ether gave 2-acetoxy..;4-( ~ -ni troethyl) -toluene as a yello's 
oil; n.m.r. (CC1 4 ) S:::: 1.53 (d,J=8 c.p.s. ArCHN02CH3 ,3H), 
2.05 (s,Ar0~,3H), 2.59 (s,ArC!:!,3 ,3H)., 5.85 (q, J=8 c.p.s. 
ArC.!:!N02CH3 ,UI), 7.35 (s,Ar!:!,2H), 7.85 (s,Ar!:! 1 2H); I.R. 
-1 (smear) 1745, 1535, 1330, 1225 em ; .mass spectrum 
+ 
m/e 223 (M -) (Found m/e 223.084374. c11H13No4 requires 
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mol. wt. 223 .. 084451).. This compound was oxidised 
by the method of Schecter and \<Jilliams 66 and the 
resulting product hydrolysed by boiling in hydrochloric 
. 0 
acid to give 3-hydroxy-4-methyl-acetophenone; m.p. 110 
This established the initial product 
as 2-acetoxy-4-(~-nitroethyl)-toluene since 2-hydroxy-
o 68 4-methyl-acetophenone is a J.iquid; b.p. 91-3 /5 • 
Elution with 21:1 ligh~ petroleum:ether gave 3-acetoxy-
4-ethyl toluene as a pale yellow liquid; n .m. r. · .. ( CC14 ) 
S = 1,.25 (t,J=8 Cop.s.ArCH2C!:!,3 ,3H), 2.02 (s,Ar01:.£,3H), 
2.56 (s,ArC,tb,3H), 2.81 (q,J=8 c.p • .s.ArC!:bCH3 ,2H), 7.35 
(s,ArH,2H), 7.86 (s,ArH,~H); I.R. (smear) 1735, 1225, 
+ -1 860 em mass spectrum, m/e 178 (M ) (Found m/e 
This 
product was established as the 3-isomer by treatment 
with concentrated sulphuric acid to give 6-ethyl-m-
o . . .··. 0 69 
cresol as white crystals; m.p. 41-2 (11t.42-4 ). 
4-Ethyl-~-cresol is a liquid; 0 70 . b.p. 224 /760 • 
Eth~lmesi tylene (5 g.) was nitrated and worked up 
by method (2) .. As CC1 4 was evaporated, white crystals 
formed. These were filtered and recrystallised from 
ether to give 2..z_5-dimethyl:_4-ethyl-E,henylnitromethane; 
m.p. 88-9°; n.m.r. (CC14 ) 8= 1.15 (t,J:::7.,5 c.p.s • 
. ArCH2C!;b,3H), 2.35 (s,Arcg3 ,6H), 2.76' (q,J=7.5 c.p.s.· 
ArC!::J:2CH3 ,2H), 5.40 (s,.ArC! .. b,1'i02 ,2H), 7.19 (s,/\r!:_!,2H); 
. . -1 
I.R. (KBr) 1540, ~345, 850 em ; mass spectrum, m/e 
193 (M+) (Foundm/e 193.110961. c11H15r-.m2 requires 
m61. wt. 193.110272). A small amount of nitroethyl-
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mesitylene, identical to an authentic sample, was 
isolated by column chromatography on 10% deac.tivated 
alumina. 
omomesit ene (5 g.) was nitrated, worked up with 
cc14 and adsorbed on to 10% deactivated al't1mina. 
Elution with light petroleum gave 2~4-dibromo-6-nitro-
o 
mesi as white crystals; m.p. 162-3 ; . n.m.r. 
(CC14) S:::: 2.32 (s,ArCt!_3 ,6H), 2.70 (s,ArCt.I3 ,3H) i I.R. 
-1 + (KBr) 1535, 1350, 845 em ; mass spectrum, m/e 325 (M ) 
n 79 81 (Found m/e 322.898217. c9H9N02ur Br requires mol. wt. 
322.898134)o Elution with 20:1 ligh~ petroleum:ether 
· gave ni tro-·bromomesi tylene as white crystals; m.p. 
56° (lito54-6° 71 ); n.m.r~ (CC14 ) b :::: 2.20 (s,ArCt.I3 ,3H), 
2 • 35 ( s , ArC!iJ, 3H) ? 2. 42 ( s, ArC!],3 , 3H) , 7., 00 ( s, Art!., lH) ; 
-1 I .R. (Kl3r) 1530, 1345, 840 em ; 
+ . 
243 (M ) {Found m/e 242.989481. 
mass spectrum m/e . 
.. 79 Calc. for CgH10N02Br 
242.989539)q Elution With 17:1 light petroleum:ether 
't •t 1 · 44° (l.;t.44° 72 ) .;dent.;cal. gave n1 -romes1 y. ene m .p. ..... ..... .... 
vli th an au then tic sample. 
up with cc14 and adsorbed onto silica ~e~. · Elution 
with 4:i ght petroleu.m:.ether gave a mixture b:f 
and 1,3~dibromo-
5--nitro-2 e. Attempts to separate 
these compounds by :further chromatog·raphy and g.l.c. 
were not completely successful. The tri-bromo compound 
(85~90% pure) had.n.m.r •. (CDC13 ) S = 3.92 (s,Ar0Ct!3); 
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X.R. (nujol) 1080, 925 cm- 1 mass spectrum m/e 408 (M+) 
(Found m/e 403.,809263, 
wt. 403o808364). 1,3-0ibromo-5-nitro-2,4,6-trimethoxy-
benzene (80%) had n.m,r, (CDC1 3 ) ~:::: 3,88 (s,ArPC!:b,3H), 
( ) ( . ) -1 3.95 s,ArOC!i3 ,6H ; I.R. nuJol 1535, 1355, 920 em ; 
+ mass spectrum, m/e 373 (M ) {Found m/e 370,883594. 
Elution 
with 1: 1 light petroleum: ether gave n:!:!2.:£-2 ,_,~, ~-tr i-
o metho~o,mobenzene as white cyrstals; m .p. 141-2 ; 
n.m.r. (CDC13 ) b:::: 3.89 (s,ArOC!i3 ,3H), 3.97 (s,ArOC!i3 ,6H), 
6,~4 (s,Ar!i,lH); I.R. (KBr) 1540, 1345, 1110, 905, 800 
-1 + 
em mass spectrum m/e 293 (M ) (Found m/e 290.975316. 
c9H10N05Br 
79 
requires mol. v;rt. 290.974281)" Elution 
with 3:2 ether:light petroleum gave 2,4,6-trimethoxy-
ni trobenzene as white crystals; m .p. 152° (lit .151-2° 73 ); 
n.m.r. (CDC13 ) S= 3o78 (s,ArOC!i3 ,3H), 3.85 (s,ArOC!i3 ,6H}, 
. _, 
6.,35 (s,Ar!:!,,2H); I.R. (KBr) 1540, 1360, 1110,cm -; mass 
spectrum, m/e 213 (M+) (Found m/e 213.063124. Calc. for 
C9H11No5 213.063716) .. 
CI:~loromesi tyl~ ( 5 g.) was nitrated, worked up in 
CC14 and the residue adsorbed onto 10% deactivated 
alumina and eluted with light petroleum to give nitro-
chloromesitylene as white crystals; m.p. 56° (lit. 
56-7° 74 ); n.m.r. (CC14 ) ~= 2.27 (s,ArC!i3 ,3H), 2.35 
(s,ArC!i3 ,3H), 2.42 (s,Arcg3 ,3H), 7.03 (s,Arll 1 1H); I.R. 
(KBr) 1525, 1350, 850 cm- 1 ; mass spectrum, m/e 199 (M+) 
{Found m/e 199.039559. 
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Elution with 6:1 light petroleum:ether gave dinitro-
o 
chloromesitylene as white crystals; mop. 175-6 
(lito 177° 75); n.moro (CC14 ) S = 2.,35 (s,Arcg3 ,3H), 
~ -1 2o44 (s,ArCtl3 ,6H); I.R. (KBr) 1530, 1340, 870 em ; 
+ mass spectrum, m/e 244 (M ) (Found m/e 244.025682. 
Calc. for c 9H9N2o 4c1
35 244.025079). Elution with 
5:1 light petroleum:ether gave _;3,5-dimet_hxl-4-chloro.:. 
£henylnitromethane as.a white solid. Recrystallisation 
from ether:pentane (1:1) gave white crystals; m.p. 
0 63-4 ; n.m.r. (COC13 ) S = 2.40 (s,ArC!:i3 ,6H), 5.25 
(s,ArC!:i2No2 ,2H}, 7.15 (s,Ar!::!,,2H); I.R. {KBr) 1540, 
30 
1355, 1050, 855 cm-l mass spectrum m/e 199 (M+) (Found 
m/e 199o040215, C9H10No2cl
35 
requires mol. wt. 199.040002). 
2,4,6~~rimethoxy~hlorob~~~ {5 g.) was nitrated 
and worked up by both methods to give an oil in each 
case. This was adsorbed onto silica gel and eluted 
with 20: 1 light petroleum: ether to give .2;:ni tro-2, 4, 6-. 
trimethoxy_chlo:;:obenzene as white crystals; 0 m.p. 64 ; 
n.m.r. (CDC13 ) S::: 3.90 (s,ArOC!:i3 ,3H), 3.97 (s,ArOC!:i3 ,6H), 
-1 6.39 (s,Ar!:!,lH); I.R. (KBr) 1540, 1340, 930 em ; . mass 
+ 35 
spectrum, m/e 247 (l\1 ) {Found m/e 247.032174. c9H10No5cl 
requires mol. wt. 247.032?69). Elution with 5:2 light 
petroleum:ether brought through 3,5-~i~ethoxy-4-chloro­
~tro-cy~lohexa-222=dien-1-one as a yellow oil; n.m.r. 
(CDC1 3 ) b = 3.82 (s,Ar0C!:!g,6H), 5.65 (s,diene protons,2H); 
I.R. (smear) 1670, 1605, 1540, 1365, 910 cm- 1 ; mass 
' + 35 
spectrum, m/e 233 (M ) (Found m/e 233.009054. c8H8No5cl 
requires mol. wt. 233.009095); ultraviolet (TFE) ~199.5nm. 
€. 11600. 
dimethox2.:,2-nitro££~l:. on standing at room temperature 
for ten days. 0 The phenol had m.p. 91-2 ; n.m.r. 
(CC14 ) b = 3.97 ( s,ArOCtb,3H), 4.06 ( s,Ar0C!:b,3H), 6.47 
(s 1 ArB_,lH), 9.83(s,ArO!::!.,lH); I.R. (KBr) 3300, 1535, 
-1 1330cm ; + mass spectrum, m/e 233 (M ) (Found m/e 
35 
c 8H8N05Cl requires mo;L. wt. 233 ,'009095) " 
Fluoromesitylene (3g.) was nitrated and worked up 
in CC14 • 
alumina. 
The residue was adsorbed onto 10% deactivated 
Elution with light petroleum gave nitrofluoro-
"t 1 h't t 1 Dl.p.·43° (11"t.43-4° 76 ); mes1·y ene as w 1·e crys as; _ 
n.m.r. (Ccl 4 ) ~ = 2.22 (s,ArC!::!.3 ,3H), 2.23 (s,Arcg3 ,3H), 
2.27 (s,Arcu3 ,3H), 6.95 (d,J=B c.p.s., Ar!::!. 2 1H); I.R. 
-1 . + (KBr) 1530, 1345, 800cm ;. mass spectrum, m/e 183 (N ) 
(Found m/e 183.069114. 
Elution with 35:1 light petroleum:ether gave dinitio-
fluoromesitylene as white crystals; m.p. 95° (lit. 
95-96.5° 76 ); n.m.r. (CCI~) ~ ~ 2.10 (s,Arcu3 ,3H), 2.15 
. -1 (s,Arcu3 ,6H); I.R. (KBr) 1535, 1350, 805 em.; mass 
spectrum, m/e 228 (N+) (Found m/e 228.05~979·. Calc. for 
C9H9N2o4F 228.054628). 
2,4,6-Trimetho~yfluorobenzene (19.) was nitrated 
and vmrked up by the cc14 method. The residue was 
adsorbed onto silica gel. Elution ~ith light p~troleum 
gave 
m.p. ·61°; n.m.r. (CC14 ) · b = 3.94 (s,Aroeu3 ,3H), 4.02 
(s,Ar0C!:b,6H), 6.36 (d, J=8 c.p.s., ArU,HI); I.R. (KBr) 
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1540, 1355, 805 -1 em 
(Found m/e 231.053876. 
+ mass spectrum, m/e 231 (M ) 
231.054293). The remainder of the product mixture 
( < 5%) was an intractable gum. 
Methoxymesitylene (3g.) was nitrated and worked 
up in cc14 • The oil was adsorbed onto 10% deactivated 
alumina. Elution with light petroleum gave _gw2 4,6-
!Elmethyl-4-ni trocyclohE~xa-2, 5-dien-1-one as a yellow 
32 
oil; n.m.r. (CC14 ) S = 1.83 ( s,ArC!i3 ,3H), 1.97 ( s,ArC!:!3 ,6H), 
6.83 (s,diene protons,2H); I.R. (smear) 1680, 1650, 
-1 + 1615, 1550, 1355 em ; mass spectrum, m/e 181 (M ) 
(Found m/e 181.073523. 
181.073887); ultraviolet (TFE) 1\ 197nm. E.14,200., 
This compound decomposed on heating to 150° in the 
gas chromatograph to give mesitol but was stable for 
several months at 0°~ Elution with 32:1 light petroleum: 
ether gave tromethane as 
a pale yellow oil; n.m.r. (CC14 ) o ::: 2.17 ( s,ArC!:!3 ,6H), 
3.71 (s,ArOC!i3 ,3H), 5.40 (s,ArCU2No2 ,2H), 7.23 (s,Ar!i,2H); 
-1 1345, 1110, 910 em mass spectrum, I • R. ( smear) 1535, 
+ m/e 195 (Ivl ) (Found m/e 195.090110. c10H13No3 requires 
mol. wt. 195.089537). Elution with 21:1 light petro-
leum:ether brought through 2-acetoxy-3,5-dimethyl-
.:!:..:E.!:~_!hoxyphenylnitromethane as a yellow oil; n.m.r. 
(COC13 ) f.= 2.03 ( s,Ar0Ac,3H), 2.27 (s,ArCH3 ,3H), 2.32 
(s,ArC! .. b,3H), 3.78 (s,ArOC!i3 ,3H), 5.,23 (s,ArC!i2No2 ,2H), 
7~13 (s,ArH,1H); I.R. (smear) 1745, 1530,1340, 1220, 
1050 -1 em mass spectrum, m/e 253 (M+) (Found m/e 
253.096028., c12H15No5 requires mol. wt. 253.095014). 
Z..,44 6-Trime_:thylbiEhenyl (5g.) was nitrated, worked 
up in CC14 and the product mixture chromatographed on 
10% deactivated alumina. Elution with light petroleum 
gave 3 2 ~J -dini tro-2, 4, 6-trimethy~~henyl as viJhi te 
0 
crystals; m.p. 120; n.m.r .. (CDC1 3 ) 8= 1.93 (s,ArC!:!.3 ,3H), 
2.03 (s,ArC!:!.3 ,3H), 2.32 (s,ArC!:!.3 ,3H), 7.12 (s,Ar!:!.,1H), 
quartet centred on 7o85 (ArH,4H); I.R., (KBr) 1505, 
-1 I + 1340, 855, 700 em ; mass spectrum, me 286 (M )(Found 
m/e 286.095491. c 15H14N2o4 requires mol. wt. 286.095349). 
Elution ·with 20: 1 light petroleum: ether gave 3, 4 1 ,5-
trinitro-2,4,6-trimethylbiphenyl as yellow crystals; 
m.p. 216° ( lit.216-7° 77 ); n.m.r. (CDC13 ) b = 2.00 
( s,ArC!:!.3 ,6H), 2.,23 ( s,ArC!:!3 , 3H), quartet centred on 
7 .. 87 (Ar!i,4H); I.R. (KBr) 1540, 1520, 1330, 715 cm-1 ; 
+ 
mass spectrum, m/e 331 (M ) (Found m/e 331.079028. 
Calc. for c 15H13N30 6 331.080427). 
2,2 1,4 24 1 2 6_ 2 6'-Hexam~::<vbiphenyl (1g.) was 
nitrated and worked up in CC1 4 • Elution with 10:1 
light petroleum:ether down a 10% deactivated alumina 
column gave tetranitrohe:x:amethoxybiphenyl as a viscous 
yellow oil which·could not be crystallised. N.m.r. 
(CDC1 3 ) S = 3.90 (s,ArOC!:!.3 ,6H), 3.95.(s,Ar0CH3 ,12H); 
-1 I.R. (smear) 1520, 1330, :U50, 970, 730 em ; mass 
+ spectrum, m/e 514 (~1 ) (Found m/e 258~048527., c9H10N2o7 
requires moi.wt. 258.0487.92 corresponding toM-
33 
4-f'.Je (Sg.) was nitrated and worked up 
by the CC14 method. A yellow-orange solid c.ame out of 
solution as the cc14 was being evaporated. ·This was 
collected and recrystallised (1:1 pentane~ether) to 
give 3,5-dinitro-4-methoxybiphenyl as yellow crystals; 
m~p. 141° (lit.l41-2° 78 ); n.m.r. (Ccl4 ) S = 3.83 
( s,ArOC!:!3 ,3H), 6~83 (d,J=9 c.p.s. ,Ar!:!,2H), multtplet 
-1 
centred at 7o40 (ArH,5H); I.R. (KBr) 1520, 1320,cm ; 
-. 
+ mass spectrum, m/e 274 (M ) (Found m/e 274.058887. 
of the product mixture residue on 10% deactivated alumina 
.gave more of this compound on elution with 36:1 light 
petroleum: ether. Elution with 25:1 light troleum: 
ether gave a trinitromethoxybiphenyl as a viscous yellow 
oil; 
. + 
mass spectrum, m/e 319 (M ) (Found m/e 318.983862. 
c13H9N3o7 requires mol. .wt. 318.984033). 
(5g.) was nitrated, worked up in 
CC1 4 and the residue adsorbed onto 10% deactivated 
alumina. Elution with light petroleum gave 3-nitro-
4-bromobipheriyl as pale.yellow crystals; .m.p. 43° 
( lit.43.2-43.7° 79 ); n.m.r., (CDC ) multipiet centred 
-1 
on El= 7.37; I.R. (I<Br) 1515, 1330, 1000 em ; mass 
+ . 
·spectrum, m/e 279 (J.\1 ) (Found m/e 276.972889. Calc. 
79 .· for c12H8N02Br 276.9'73889)., Elut.ion with 20:1 
light petroleum; e'ther brought through 4/ -ni tro-4-
bromobiphenyl as White cJ;ystals; m.p. 175-6° (lit. 
34 
176° 80 ); n.m.r. (CDC1 3 ) multiplet CEO:ntred at 7.90; 
-1 L.R. (KBr) 1515, 1325) 825 em ; mass spectrum, m/e 
·1-279 (M ) (Found m/e 276.972635. 
276.973889). 
(2.5g.) was nitr~ted and worked 
up by the CC14 method. The resulting ye1lo·w oil was 
adsorbed onto 10% deac;:tivated alumina. Elution with 
light petroleum gave 3, 5-clini tro-4-me.thoxytcHuene as 
. 0 • 0 78 
white crystals; m.p. 123 (l1t. 123-4 ); n.m.r. 
(CDC1 3 ) S= 2.50 (s,ArC!:!.3 ,3H), 4.05 (s,ArCCtb,3H), 7.84 
-1 (s,Ar!:!,,2H); r.n. (KBr) 1 1330, 980, 730 em 
+ 
·mass spectrum, m/e 212 (M ) (Found m/e 212.043450. Calc. 
for c8H8N2o5 212.043316). Elution with 25:1 light 
petroleum:ether gave 
d~.:.~!::. as a yellow oil; n.m.ro (CDC13 ) ~ ::: 1.95 
(s,ArC~3 ,3H), 5.66 (d,J=lO c.p.s.2H), 6.53 (d,·J~10 c.p.s. 
2H) both diene 
1545, 1365 em-\ 
otons; I.R. (smear) 1670, 1635, l610, 
"'· . 
mass spectrum, m/e 153 (f\1 ·) (Found 
m/e 153.042865. c7H7No3 requires ~ol. wt. 153.042589); 
ultraviolet (TFE) \220run. E.= 15,700. 
para- omotoluene (3. • ) was ni trat.ed ·and worked 
up by the CC1 4 method. The resulting yellow oil was 
adsorbed onto 10)5 · deactivated alur1iina. Elution 1vi th 
·u.ght troleum.·gave 3-nitro..,.4-bromotoluene as white 
n.m.r. (CClLl) 
" 
o = 2. 53 ( s, Arqb:, 3H) , 7.10 ( s,) and 7. 20 ( s,) 7. 48 
(d,J=2 c.p.s.), 7.62 (d,J=2 c.p.s.), all giving two 
35 
protons, 7.98 (d,J=2 c.p.s.ArH lH); 
_, I.R. (nujol) 1540, 
+ -1 1355, 880 em ; 
214.958377. 
mass spectrum, m/e 217 (M ) (Found m/e 
Elution with 32:1 light petroleum:ether gave 4-methyl-
'4-nitrocyclohexa-2,5-dien-1-one identical with the 
sample isolated from the nitration of ,E-methoxytoluene. 
Elution with 10:1 light petroleum:ether gave 2-nitro-
1 11 t 1 330 (l't ?.~0 82)· E-creso as ye ow crys a s; m.p. 1 ·• ~~ , 
n.m.r. (CDC13 ) S= 2.35 (s,ArC£b,3H), 6.97 (s,), 7.10 
(s,), 7.32 (d,J=2 c.p.so), 7.45 (d,J=2 c.p.s.), all 
giving two protons, 7.87 (d,J=2 c~p.s.ArH,lH), 10.57 
( s,ArO!:!,, lH); I .R. -1 (nujol) 3250, 1540, 1355, 825 em ; 
mass spectrum, m/e + 153 (M ) (Found m/e 153.042584. Calc. 
This compound formed as a 
result of rearomatisation of some of the dienone on 
the colunm. There was also a gum accounting for 12% 
of the reaction products which vvas recolumned on 10~~ 
deactivated a~umina. The only product which could be 
identified in this mixture of at least three compounds 
was a dinitro-bromotoluene; mass spectrum, m/e 261 (!VI+) 
(Found m/e 259.943032. 
259.943317). The rest of the gum appeared to consist 
mainly' of dibrominated products. 
para-~oxytoluene (3g.) was nitrated and worked 
up by both methods (p.23). The yellow-red oily residue 
that resulted in each case was adsorbed onto 10% cleacti-
vated alumina. Elution with light petroleum gave 3-nitro-
36 
,:1;-acetoxytoluene as a colourless oil; n.m.r. (CDC13 ) 
S = 2.33 (s,Ar0Ac,3H) '· 2.42 ( s,Arcg3 ,3H), multiplet 
centred on 7.33 (2H), 7.95 (s,Arg,1H); I.R. (~mear) 
-1 1775, 1535, 1335, 1175 em ; mass spectrum, .m/e 195 
(M+) (Found m/e 195.053152. c9H9No4 requires mol. 
wt. ·195.052375). Elution with 22:1 light petroleum: 
ether brought through 4-methyl~4-nitrocyclohexa-2,5-
dien~1-one identical with the sample isolated from the 
nitration of ,E-methoxytoluene. Elution with 8:1 light 
petroleum:ether gave 2-nitro-12-cresol identical with 
the sample isolated from the nitration of ,£-bromotoluene • 
. The structure of 3-nitro-4-acetoxytoluene was confirmed 
by hydrolysing with sulphuric acid t6 give 2-nitro-.:e-
cresol identical with the previously obtained samples. 
Elution with 36:1 light petroleum:ether gave a mixture 
of 2-and 3-nitro-4-acetoxytoluene. The pres~nce of 
the 2-nitro isomer was established by hydrolysing this 
fraction with sulphurib acid to give 3-nitro-E-cresol 
(m.p. ·78-9° lit. 79~ 83) ~s well as 2-nitro-E-cresol. 
Acetoxyprehniten~ (1g.) was nitrated and worked up 
by the cc14 method. As the s6lvent was being .removed 
a white solid formed which, after recrystallisation from 
light petroleum, ga_ve 3..L3,4,5-tetramethyl-4-n:itrocy~ 
·hexa-2, 5-dien..:.l ~one as l'ihi te crystals'; m.p. 83°; n .m. r. 
(CDC13 ) b = 1.85 ( s,Arcg~,3H), 1.93 (.s,Arcg3 ,6H), 1.95 
(s,ArC!.!3 ,3H), ~~~5 (broads, diene proton lH); I.R. 
(KBr). 1680, 16401 1540, 1365 
-1 
em mass spectrum, m/e 
37 
+ 195 (1'1 ) (Found m/e 195 .• 090384. c10H13No3 requires moL 
wto 195.089537); ultraviolet (TFE) 237nm. 13,560. 
This was the only isolated product. The rernai~1ing 
material ( <. 3%) was an intractable gum., The.dienone 
. . 
rearranged at room temperature to .2 2 3, 4, 5-t.c!_ramethyl-
0 
m.p. 90 ; n .. m.r. 
(CDC1 3 ) '?;::: 2.15 (s,Ar~!_!3 ,3H), 2.25 (s,ArC!J.3 ,3H), 2.33 
(s,A~C!J.3 ,3H), 2.40 (s,ArC!J.3 ,3H), 10.40 (s,Ar0~,1~); 
I.R. (KBr) 3300, 1535, 1330 cm- 1 ; ma~s spectrum, m/e 
195 (t<1+) (Found m/e 195.090163. c 10H13N03 requires 
mol. wt. 195.089537). 
5 lum:ohcmimellitcne (3g.) vvas nitrated and worked 
up in CC14 ., The residue was chromatographed on a 10% 
deactivated alumina column. Elution with light petroleum 
gave 4-nitro-5-fluorohcmimellitene as white crystals; 
m.p. 38-9°; n.m.r., (CDC1 3 } ~::: 2.15 (s,ArC!i_3 ,}H), 2.20 
(s,ArC!._!3 ,3H), 2:.e.7 (s,ArC!.i3 ,3H), 6.83 {d,J=10 c .. p.s., 
-1 ArH,1H); I.R. (KBr) 1530, 1345, 1080 em mass 
spectnim m/e 183 {fv1+) ·(Foun~ m/e 183.070010. c9H10N02F 
requires mol. wt. 183.06955l)o Elution with 36c1 light 
petroleum:ether gave 3,4,5-trimethyl-4-nitroc::yclohexa-
13 2, 5-dien-1-one identical 1vi th an authentic sample 
Elution with 2:1 light petroleum:ether brought through 
3,4,5-trimethyl~o-nitrop6enol identical with an authentic 
. - . 
san1ple. 
?-Bromopscudocum~ (5g.) was nitrated and worked 
up by.both methods (p.23). The pumpclown gave a red 
38 
oil containing 
en-l-one which was obtained in 80% purity by elution 
with light petroleum down a. 10% deactivated alumina 
column. It had n.m.r. (CC14 ) 5= 1.78 (s,ArC!i3 ,3H), 
1.83 (s,ArC!i3 ,3H), 1.87 (s,ArC~3 ,3H), 6o04 (q,J=1.5 c.p.s., 
diene proton, 1H), 6o48 (q, J=1.5 c.p.s.,diene proton,1H); 
-1 I.R. (sn1ear) 1680, 1650, 1550, 1360 em mass spectrum, 
+ 111/e 181 (Iv! ) (Found m/e 181.,074121. c 9H11No3 requires 
mol. wto 181~073887). Elution with 25:1 light petroleum: 
39 
crystals; m.p. 161-2°; n.m.r. (CC1 4 ) b = 2.25 (s,ArCH3 ,3H), 
2.33 (s,Arcg3 ,3H), 2.40 (s,ArC!i3 ,3H), 7.07 (s,ArH,UI); 
I.R. (KBr) 1535, 1330, 830 cm- 1 ; mass spectrum, m/e 
245 (l\'l+) (Found m/e 244.989354.. c 9H10No2nr
81 
requires 
mol. wt. 244.987569). 
2,4,5-Trimethyl-4-nitrocyclohexa-2,5-dien-1-one 
decomposed at 0° in eight hours to give two products 
\Vhich were separated by chromatography on 10% deactivated 
alumina. Elution of the decomposition products with 
light petroleum gave 2,4,5-trim~thyl:.-.2-nitrophenol as 
0 
orange crystals; m.p. 41-3 ; n.m.r. (CC14 ) S = 2.20 
(s,Arcu3 ,6H), 2.34 (s,ArCt!_3 ,3H), 7.04 (s,Ar!j,,lH), 9.45 
-1 (s,ArOH,HI); I.R. (KBr) 3450, 1530, 1315, 1240 em ; 
+ . . 
mass spectrum, m/e 181 (M ) (Found m/e 181.073894. 
c9 H11No3 requires mol. wt. 181.073887). Elution with 
25:1 light petroleum:ether gave _g_2 5-dimethyl-4-hydroxy-
phenylnitromethane as yellow crystals; 0 m.p. 97-9 ; 
n.m.r., (CDC13 ) S:::: 2.,33 (s,ArC!1,3 ,3H), 2.52 (s,ArC!1,3 ,3H), 
5.,47 (s,ArCH2No2 ,2H), 7,.39 (s,Ar!1,,1H), 7,.56 (s,Ar!1,,1H), 
-1 9o77 (s,ArOH,1H}; I.R. (KBr) 3450, 1540, 1360,, 1180 em 
mass spectrum, m/e 181 pi!-} (Found m/e 181.073741 • 
. To establish 
the'position of the side-chain nitro group, this 
compound was oxidi by the method Schecter and 
i·vi11.iams 66 to give 2, 5-dimethyl-4-hydroxybenzal<;lehyde; 
0 0 84 . 0 . 
m .. p. 132 (lit .. 133 ), hydrazone m.p. 161 (l1t •. 
163° 84). The isomeric 2, 4-dimeth'yl-5-hydroxy-
o 85 benzaldehyde has m.p. 115 • The .ratio of these 
.decomposition products was ten parts nitrophenol to 
one part nitropheny thane. 
3,4,5-Trimethylacetanilide (3. .) was nitrated, 
worked up in CC1 4 and the residue adsorbed onto iO% 
deactivated alumina~ El~tion with light pet!oleum gave 
2-ni tro-3 4 as orange crystals; 
m.p.176-9°; n.m.r. (CDC13 ) ~ = 2.10 (s,ArNHCCC!1,3 ,3H),. 
40 
2 .,16 ( s, ArC!:!,3 , 6H) , 2 .21 ( s ,.ArCt!-3 , 3H), 6 o 33 { s, ArN!:!,COCH3 , 1H) , 
7.15 (s,Ar!:!,,lH); I.R. (KBr) 3400, 1680, 1540,.1360, 
1085 cm- 1 mass spectrum, m/e + (111 ) (found m/e 
222.101026. c 11H14N2o 3 requires mol. wt. 222 .100435). 
Elution with 38:1 light petroleum:ether gave 3,4,5-
trimethyl-4-nitrocycloh~xa-2,5-dien-1-one, identical 
. 13 
with an autheni,:ic samp;le • 
or tho- Xylene. ( Sg.) was nitrated using nitric acid 
( 1 ml .• ) in propicmic anhydride ( 10 ml.) o The CC14 
work-up was used and the oil adsorbed onto 10% deactivated 
alumina. Elution with light petroleum gave 4-propionoxy-. 
0 
_£-xylene as white crystals; m.p. 33-4 ; n.m.~. {CC14 ) 
£ = 1. 25 ( t, J=8 cop. s" ArOCOCH2C!i3 , 3H) , 2. 26 . ( s, ArC£b, 6H) , 
2.~4 (q,J=8 Cop.s. ArOCOC!:!.2CH3 ,2H), 7.15, 7.48 (both d, 
J=8 c.p.s. Art!., each 1H), 7.25 (s,Ar!:!.,1H); I.R. (smear) 
-1 + 1770, 1120 em mass spectrum m/e 178 (M ) (Found 
m/e 178.099214. c11H14o2 requires mol. wt. 178.099373). 
. . 
This structure was established by hydrolysis to give 3,4-
_£-)<ylenol identical with an authentic sample .. Further 
elution with light petroleum gave 3-nitro-o-xylene as a 
. liquid which solidified on standing at 0°; b.p. 240° 
(lit.120~5°/10-l2mm 86 ) identical with an authentic sample. 
Elution with 36:1 light petroleum:ether gave 4-nitro-_£-
o . 0 87 
xylene as white crystals; m.p. 28 {l1t. 28.5 ·) 
identical with an authentic sample. 
para-3romoethylbenzene (5 g.) was nitrated-and worked 
up in carbon tetrachloride. The residue was chroma~o-
graphed on both 10% deactivated alumi.na and then silica 
gel but none of the products was isolated in a pure 
state. Elution with light petroleum down the alumina 
column gave a 60:40 mixture of mononitro-E-bromo-
ethylbenzene; (Found m/e 228.974106. Calc. for 
.C8H8No2Br 
79 228.973889) and a dinf tro-E-bromoethyl-
benzene; (Found m/e 273.959344. 
. . 
79 ~ale. for c8H7N294Br 
273.958967). ·Elution with 100:1 light petroleum:ether 
gave a mixture of a dibromonitro-ethylbenzene; (Found 
41 
m/e 306.884031. 
306.884455), an e; (Found m/e 
79 . 241.993724c c10H11o2Br requlres mol. wt. 241.994289) 
and a compound with m/e 167.,059061. c8H9No3 ~equires 
mol. wt. 167.058238 suggesting this compound was either 
pending nitrophenol decomposition product .. G .. l.c. 
a,nalysis of the product mixture indicated eight products 
in all. 
~om12etitive nitrations 
The·competitive nitrations were carried out by 
taking an equ~molar mixture of the two reactants being 
investigated and adding an amount of nitrating agent 
(nitric acid-acetic anhydride at 0°) less than the 
stoichiometric amount. The reaction mixture was then 
analysed by n.m.r. at 0° to 3° at various stag~~ of 
reaction. Allowance was made for the fact that some 
o£ the competing compounds underwent ipso-nitration to 
different degrees. G.l.c. analysis rif the final product 
mixture :from.the competition nitrations between acetoxy-
·hemimelli tene and hemimelli tene and between bromo-and 
acetoxyhemimellitene shov~ed the ratio of normcG:i:_E._~ 
nitration products was the same as that obtained wheri 
each was nitrated individually. The sarne was assumed 
to apply in the other cases. The major error in an 
n.m.r. analysis lay in an accurate reading of the 
4 ') .:;.. 
integral of the reactant's aromatic proton signals. 
This introduced approximately 10% error into the measure-
ments. 
sm of two 
nitr s 
The two dienones studied were 3,4,5-trimethy 
nitrocyclohexa-2,5-dien-1-one and 3,4-dimethyl-4-nitro-
cyclohexa-2,5-dien-1-one. These were prepared by well 
known methods13 from 5-acetoxyhemimel1itene and 4-acetoxy-
£-xylene re ectively. In a typical decomposition run 
the dienone (20mg.) with N14 or N15 enriched sodium 
nitrite (Bmg.) was dissolved in methanol (0.5 ml.) and 
allowed to rearrange at room temperature. The reactions 
were carried out sealed n.m.r. tubes and followed by 
n.m.r. The N15 enrichment in the rearrangement product 
(nitrophenol) was calculated from the mass spectra of 
the nitrophenol by comparison of the height of the m+1 
15 peak for a reaction run in the presence of NaN o2 with 
the height of the m+1 peak for a reaction run in 
14 presence of NaN o2 o Thus all the reactions were run 
in pairs and repeated several times to allow 
variations in machine response. 
Kinetic runs were carr out to determine the 
order of reaction with respect to both dienone and 
sodium·nitrite. These reactions e also monitored 
hy. n .m. r. In these runs an internal, inert standard 
43 
(£-dichlorobenzene) was used. This had a single n.m.r. 
signal, well downfield from the dienone-phenol region, 
which was used to measure concentrations of the reacting 
species during reaction. Each kinetic run was carried 
out several times to allow for variations in n.m.r .. 
response. 
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R E S U L T S 
Product distributions 
The product ratios given here are those determined 
by g.l.c. analysis after work-up of the reaction mixture 
and are all averages over a number of runs. 
(1) Nitration of para-diethylbenzene with nitric 
acid-acetic anhydride. 
4-(oZ-nitroethyl)-ethylbenzene 5r: + 
:J - 4% 
2-nitro-1,4-diethylbenzene 35 + 3% 
-
2-acetoxy-1,4-diethylbenzene 7 + 1% 
E-diethylbenzene 3 + 1% 
-
(2) Nitration of para-ethyltoluene with nitric 
acid-acetic anhydride. 
4- ( o<.-ni troethyl) -toluene 35 + 3% 
30 + 3% 
-
4-ethyl-phenylnitromethane 
18 + 2% 
-
2-nitro-4-ethyltoluene 
14 + 2% 
-
3-nitro-4-ethyltoluene 
2 + 1% 
-
2-acetoxy-4-( « -ni troethyl) -toluene 
3-acetoxy-4-ethyltoluene "-'1% 
(3) Nitration of ethylmesitylene with nitric acid-
acetic anhydride 
3,5-dimethyl-4-ethyl-phenylnitromethane )98% 
nitroethylmesitylene < 2% 
45 
(4) Nitration of bromomesitylene with nitric acid-
acetic anhydride 
2,4-dibromo-6-nitromesitylene 
nitromesitylene 
nitrobromomesitylene 
45 7.: 4% 
41 + 3% 
14 t 2% 
(5) Nitration of 2,4,6-trimethoxybromobenzene with 
nitric acid-acetic anhydride 
2,4,6-trimethoxynitrobenzene 48 ! 4% 
1,3-dibromo-5-nitro-2,4,6-trimethoxybenzene 22 t 2% 
nitro-2,4 1 6-trimethoxybromobenzene 20 + 2% 
1,3,5-tribromo-2,4,6-trimethoxybenzene 10 + 2% 
(6) Nitration of chloromesitylene with nitric acid-
acetic anhydride 
nitrochloromesitylene 
3,5-dimethyl-4-chloro-phenylnitromethane 
dinitrochloromesitylene 
\ 
78 + 4% 
20 t 2% 
.....,.2% 
(7) Nitration of 2,4,6-trimethoxychlorobenzene 
with nitric acid-acetic anhydride 
3-nitro-2,4,6-trimethoxychlorobenzene 75 !. 4% 
4-chloro-3,5-dimethoxy-2-nitrophenol 25 + 2% 
(8) Nitration of f~uoromesitylene with nitric 
acid-acetic anhydride 
nitrofluoromesitylene 95 "!: 4% 
dinitrofluoromesitylene 5 + 1% 
46 
(9) Nitration of 2,4,6-trimethoxyfluorobenzene 
with nitric acid-acetic anhydride 
nitro-2,4,6-trimethoxyfluor~benzene 
other 
> 95% 
<. 5% 
(10) Nitration of methoxymesitylene with nitric 
acid-acetic anhydride 
3,5-dimethyl-4-methoxy-phenylnitromethane 
mesitol 
2-acetoxy-3;5-dimethy~-4-methoxy­
phenylnitromethane 
60 + 4% 
29 "!: 3% 
11 ~ 2% 
(11) Nitration of 2,4,6-tr:;imethylbiphenyl with 
nitric acid-acetic anhydride 
3,41 -dinitro-2,4,6-trimethylbipheny1 70 !. 5% 
3,41,5-trinitro-2,4,6-trimethylbiphenyl 30 + 5% 
{12) Nitration of 2,2 1,4,4·l,6,61-hexamethoxybiphehyl 
with nitric acid-acetic anhydrid_e 
2,2 1 ,4,4 1 ,6,6 1-hexamethoxy-3,3 1 ,5,5/-
tetranitrobiphenyl 100% 
(13) Nitration of 4-methoxybiphenyl with nitric 
acid-acetic anhydride 
3,5-dinitro-4-methoxybiphenyl ,... 95% 
trinitro-methoxybiphenyl. "' 5% 
(14) Nitration of 4-bromobiphenyl with nitric acid-
acetic anhydride 
41-nitro-4-bromobiphenyl 90 + 5% 
3-nitro-4-bromobiphenyl 10 + 2% 
47 
(15) Nitration of E~r~-methoxytoluene with nitric 
acid-acetic anhydride 
3,5-dinitro-4-methoxytoluene 
2-nitro-2-cresol 
80 '.!: 5% 
20 "!: 5% 
(16) Nitration of Eara-bromotoluene with nitric 
acid-acetic anhydride 
3-nitro-4-bromotoluene 
2-nitro-E.-cresol 
other, containing a dinitro-bromotoluene 
4~ : 4% 
40: 4% 
12 + 2% 
(17) Nitration of Eara-acetoxytoluene with nitric 
acid-acetic anhydride 
2-nitro~E-cresol 
2-nitro-4-acetoxytoluene 
3-nitro~4-acetoxytoluene 
so: 5% 
rv 3(}% 
i'v20% 
(18) Nitration of acetoxyprehnitene with nitric 
acid-acetic anhydride 
2,3,4,5-tetramethyl•£-nitrophenol 
other 
)97% 
<. 3% 
{19) Nitration of 5-fluorohemimellitene with nitric 
. acid-acetic an~ydride 
3,4,5-trimethyl-:-£-nitrophenol 
4-nitro-5-fluo:tohemimellitene 
67 + 3% 
33 t 2% 
48 
(20) Nitration of 5~bromopseudocumene with nitric 
acid-acetic anhydride 
3,4,5-trimethyl-£-nitrophenol 
3 or 6-nitro-5-bromopseudocumene 
2,5-dimethyl-4-hydroxy-phenylnitromethane· 
78 t 3% 
15 + 2% 
7 ~ 1% 
(21) Nitration of 3,4,5-trimethylacetanilide with 
nitric acid-acetic anhydride 
3,4,5-trimethyl-£-nitrophenol 
2-nitro-3,4,5-trimethylacetanilide 
55 ! 4% 
45 + 4% 
{22) Nitration of ortho-xylene with nitric acid-
propionic anhydride 
4-propionoxy-£-xylene 
4-nitro-£-xylene 
3-nitro-£-~ylene 
50~ 3% 
35. '!: 3% 
.15 -~ 2% 
(23) Nitration of para-bromoethylbenz·en_e. with 
nitric acid-adetic anhydride 
The product mixture contained eight compounds including 
a mononitro-bromoethylbenzene, a dinitro-bromoethyl-
benzene, a dibromonitro-ethylbenzene, an ace.toxy-bromo-
ethylbenzene and 4-ethyl-4-nitrocyclohe~a-2,5-dien-1-one 
(or the corresponding nitrophenol). 
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Com_:eosi ti~ of reaction mixtures by n .m. r. 
In each of the follotlling tables (I - VI) there is 
an error of ~ 3 in each figure due to the inaccuracies 
in estimating the nom.r. integrals. 
I 
N.m.r. analysis of para-diethylbenzene reaction (HN03 / 
Ac20) before work-up 
Product 
4- ( ~ -ni troethyl) -ethyl benzene 
2-nitro-1,4-diethylbenzene 
]2.,...diethylbenzene 
2-acetoxy-1,4-diethylbenzene 
dienes 
Table II 
In reaction 
mixture before 
53 
32 
5 
10 
After 
heating 
53 
32 
8 
7 
N.m.r. analysis of 2,4,6-trimethoxychlorobenzene reaction 
Product 
3-nitro-2,4,6-trimethoxy-
chlorobenzene 
4-chloro-3,5-dimethoxy-2-
nitrophenol 
die none 
In reaction 
mixture before 
heating 
- -
75 
4 
21 
After 
heating 
75 
25 
so 
Table III 
N.m.r. analysis of methoxymesitylene reaction (HN0 3/Ac20) 
before work-up 
Product 
3,5 -dimethyl-4-methoxy-
phenylnitromethane 
mesitol 
2-acetoxy-3,5-dimethyl-
4-methoxyphenylnitro-
methane 
dienone 
In reaction 
mixture before 
60 
10 
30 
IV 
After 
heating 
to 150 
60 
28 
12 
N.m.r. analysis of ,eara-acetoxytoluene reaction 
Produc 
2 and 3-nitro-4-acetoxy-
toluene 
2-nitro-£-cresol 
dienone 
In reaction 
mixture before 
50 
3 
47 
After 
heating 
50 
50 
5:1. 
v 
N.m.r. analysis of 5-fluorohemimellitene reaction 
(HN03/Ac~O) before work-up 
In reaction After 
Product mixture before heating 
4-nitro-5 luorohemi-
mel tene 33 35 
3,4,5-tr thyl-.9_-nitro-
phenol .5 65 
die none 62 
VI 
N.m.r. analysis of 5-bromopseudocumene reaction 
Product 
3 or 6-nitro-5-bromo-
pseudocumene 
tro-. 2,4,5-trimethyl-£ 
phenol 
2,5-dimethyl-4-hydroxy-
phenylnitromethane 
dienone 
In reaction After 
mixture before heating 
he 
12 15 
8 78 
7 
80 
Table VII 
Product distribution from nitration of 4-acetoxy-,£-
xylene 
In 
dienone 67% 70% 
nitro-4-acetoxy-,£-xylenes 33% 
Product stribution from nitration of 5-acetoxyllemi-
mellitene 
dienone 72% 
4-ni tro-,5-~cetoxyhemi-
mellitene 28% 
Product distribution from nitration of _£-xylene 
4-acetoxy-~-xylene 
4-propionoxy-,£-xylene 
4-nitro~£-xylene 
3-nitro-,£-Xylene 
50% 
36% 
14% 
70% 
30% 
50% 
35% 
15% 
53 
Table VIII 
Diene and dienone rearrangement products 
Conpound 
1,4-diethyl-1-acetoxy-4-nitrocyclo-
he:x:c:~.-2,5-diene 
3~5-dimethoxy-4-chloro-4-nitro­
. cyclohexa-2,5-dien-1-one 
2,4,6-ttimethyl-4-nitrocyclo~ 
he:x:a-2;5-dien-1-one 
4-methyl-4-ni trocyclohe:x:a-2 ;5-
dien-1-one 
2,3,4,5-tetramethyl-4-nitro-
cyclohexa-2,5-dien-1-one 
2,4,5-trimethyl-4-nitrocyclo-
hexa~2,5-dien-1-one 
Rearr2,ngement 
conditions. 
acetic acid 
at 30° 
standing,25° 
heating to 
150 
t . '. 25° s ano.:tng, 
standing,25° 
CClL!, Oo 
"' 
Product(s) 
2-ace-'coxy-1, 4-diethylbenzene 
£~diethylbenzene 
4-chloro-3,5-dimethoxy-2-
nitrophenol 
mesitol 
2-nitro-:e.-cresol 
( 70%) 
( 30):E) 
2,3,4,5-tetramethyl-£-nitrophenol 
2,4,5-trimethyl-o-nitrophenol ( 
2,5-dimethyl-4-hydroxyphenyl-
nitromethane (9%) 
lrl 
,.!:>. 
Table IX 
Product distributions obtained £rom the competition nitration between acetoxyhemi-
mellitene and bromohemimellitene 
Comoound 
5-acetoxyhemimel tene 
5-bromohemimell ene 
Nitration in isolation 
dienone 
4-nitro-5-acetoxyhemi-
mellitene 
die none 
4-nitro-5-bromohemimell 
tene 
72% 
28% 
65% 
Nitration in competition 
dienone 
tro-5-acetoxyhemi-
mellitene 
dienone 
4-nitro-5-bromohemimelli-
30% 
tene 35% 
l.'l 
lil 
Table X 
Product distributions obtained £rom the competition nitration between acetoxyhemi-
mellitene and hemimellitene 
Compound 
5-acetoxyhemimellitene 
hemimellitene 
Nitration in isolation 
dienone 72% 
4-nitro-5-acetoxyhemi-
mellitene 28% 
diene 
nitrohemimellitenes 
3 0" U. D 
62~; 
Nitration in competition 
dienone 
4-nitro-5-acetoxyhemi-
mellitene 
diene 
nitrohemimellitenes 
70% 
30% 
35% 
65~o 
ln 
Q\ 
Table XI 
Competition nitrations 
comEeting reagents x* 
4-acetoxy-£-xylene v 4-acetoxytoluene >30 
5-acetoxyhemimellitene v 4-acetoxy-£-xylene > 
5-bromohemime itene v 4-bromO-£-xylene )30 
acetoxyprehnitene v 5-acetoxyhemimellitene 7 
heminellitene v 5-acetoxyhemimellitene 18 
hemimellitene v 5-bromohemimellitene 16 
5-£luorohemimellitene v hemimel tene 10 
5-bromohemimellitene v 5-acetoxyhemimellitene 1 
* r is the o first order rate constants. In each case the compound the 
left column is the more reactive. 
IJI 
"l 
Competition nitration: 
0 
r = 16 
-0.5 
·-!-"----· -~--1 
. -0.09 .-0.08 -0.07 -0.06 -0.05 
ln ~raction Br remaining) 
Competition nitration: 
Me Me 
Me ~ f\1e 
0 
H OAc 
0 
r 
== 
18 
-Ooll -0.10 -Oo09 -0.08 -0.07 -0.06 
ln (f:r <1.ct ion OAc remaining) 
Competition nitration: 
Me Me 
Me Me Me 
,-..., 
Ol 0 
I:: v. 
•r-l 
I:: 
•rl 
' (\j 
r< I-I F R Q) 
1-1 -0.2 
(.:c.. r ::: 10 
s:: 
0 
•rl 
+l 
0 
«l 
1-1 
~ 
s:: 
l'""'i 
-0.8 
ln (fraction H remaining) 
-0.11 -0.08 -0.05 
Me f\1e 
-0.1 ........... Ol 
.$:l 
•rl 
s::: 
•rl 
I'd 
s 
-0.3 (J) 1-1 
Me Me~ Me 
v. 
OAc Br 
1-1 
r.o 
r = 1 
s::: 
0 
-0.5 •rl +l 
0 
I'd 
1-1 
~ 
s:: 
-0.7 r-1 
-0.9 
ln (fraction OAc remaining} 
-0.9 -0.7 
Table XII 
Rearomatisation of 3, 4, 5-trimethyl-'t-ni trocyclohexa-
2,5-dien-1-one. Mass spectra of the nitrophenol product. 
-1 [dienone] = [§odium nitrite] · = 0. 22 mol.l 
1~ 15 N~" N 
!eight Height Height Height N15 /N14 
181 peak 182 peak 181 peak 182 peak ratio 
--
0.50 L10 14.90 . 4· .. 25 0.18 
9.80 loOO 13.25 3.70 0.18 
9 •. 5o 1.00 9.00 2.50 0.17 
8.80 1.00 16.50 4.70 o.i7 
8.95 1.00 8.60 2.50 0.18 
9.50 1.00 9.,50 2.60 . .0 .17 
··'---· 
* The ~r 15 /N14 ratio ~efers to the proportion of N15 
enriched nitrophenol in the product and not to the 
proportion of available N15 incorporated. 
* 
-
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II 
Rearomatisation of 3,4,5-trimethyl-4-nitrocyclohexa-
2,5-dien-1-one 
-1 -1 [_dienone] = 0.22 moLl • [.sodium nitrite]= 0.44 mol.l · 
N . 1'{ 
--
15 
Height Height Height Height N15 /Nl4 
181 peale 182 peak 181 peak 182 peak ratio 
-·-- -----
10.00 . 1 .oo 17.70 5.70 0.22 
15.00 1.60 10.25 3. 55 0.24 
11.50 1.10 17.50 6.00 0.24 
11.70 1.20 14.80 5.20 0.25 
--
Table XIV 
Rea:tomatisation of 3,4,5-trimethyl-4-nitrocyclohexa-
2,5-dien-1-one 
r- -1 r. -1 Ldienone] = 0.22 mol.l . Lsodium nitrite] = 0.11 mol.l 
Height Height Height Height N15/Nl 4 
181 peak 182 peak 181 peale 182 peak ratio 
-
10.10 1.00 13.20 2.60 0.10 
11.05 1.,05 15.70 • 3.22 0.11 
-
~· 
--·-'-· 
Table 'A'V 
Rearomatisation of 3,4-dimethyl-4-nitrocyclohexa-2,5-
diem-l-one 
[dienone] = 0. 23 mol. 1 . [sodium nitrite] 
N14 N15 
-1 0.23 mol.l 
--------------·---------r-------------·--·---------~---------------~ 
Height Height Height Height N15/N14 
167 peak 168 peak 167 peak 168 peak ratio 
13. 1.40 11.40 6.0 5 0.42 
28.40 2.75 27.50 13.20 0.42 
10.00 1.00 33.00 16.50 0.40 
10.40 1.00 20~00 9.85 0.40 
13.25 1.45 17.10 7.85 0.42 
Tabl 
Hearomatisation o£ 3,4-dimethyl-4-nitrocyclohexa-2,5-
dien-1-one 
-1 [dienone] = 0.23 mol.l . [sodium nitrite] 
Height Height ght Height 
167 pc~ak 168 peale 167 peak 168 peak 
- -
12.50 1.20 19.75 10.00 
8.75 0.90 19.70 11.00 
9.70 1.00 15.80 s.oo 
. 
-1 
= 0.46 mol.l 
N15/Nl4 
ratio 
0.46 I 
I 
0.46 
I 0~46 
I 
60 
61 
Table XVII 
Rearomatisation of 3,4-dimethyl-4-nitrocyclohexa-2,5-
dien·-1-one 
-1 [dienone] = 0.23 mol.l • [ -1 sodium nitrite} = 0.115 mol.l 
--------------------r--------~---·------------~-------------~ 
21 (• :;30 
15.40 
10.00 
Heigl1t 
168 peak 
2.30 
1.60· 
1.00 
Height 
167 peak 
11.00 
24.50 
13.60 
Height 
168 peak 
3.50 
8.25 
4.20 
0.21 
0.22 
0.21 
For a rearomatisation of 3,4-dimethyl-4-nitrocyclohexa-
-1 2,5-dien-1-one run with (_dienone] ::: 0.23 r.wl.l · and 
-1 [sodium nitrite] = 0.23 mol.l , it was found that both 
the rearomatisation produ6ts,6-nitro-3,4-xylenol and 
15 14 . . . 
2-nitro-3,4-xylenol, had N /N rat1os of 0.42. The 
product ~catio of the 6-ni trophenol to 2-ni trophenol was· 
not constant, var)!ingbetwe~n 4:.1 and 2:1. 
Kinetic studies on the decomp~ition of 3, 4, 5-trimethyl_:-_ 
4-ni trocyclohexa~, 5-dien-1-Qne and 3, 4-dirllethyl-4-ni tro-
cyclohexa-2,5-dien-1-one 
The rate of r~aromatisation of both dienones was 
shovvn to he first order in dienone by linear plots of 
ln{A
0 
- x) against time where. A
0 
is ·the initial concen-
tration of die~orie ~nd x is the decrease in dienone 
/Contd. p. 62 
-2.0 
":"'3.0 
-4.8 
Me 
Me Me 
Kinetic run;conce~tration = 0.11 mol.l-l 
40 80 
0 
concentration NaN02 = 0 
-6 -1 k = 3.6 x 10 sec. 
t 
120 160 200 
time (hours) 
240 
~3 .. 0 
f\1e 
Kinetic run:concentration -1 ::: 0.22 mol.l 
0 
concentration NaN02 = 0 
·-6 -1 k - 4o0 X 10 SeCo 
40 80 120 160 200 240 
time (hours) 
f\1e 
Kinetic run : concen tr a ti on -Oo22 mol.l -1 
-2~0 
concentration NaN02 
-3o0 
... 4 .. 0 
40 80 120 160 200 240 
time (hours) 
-2.0 
Me 
Kinetic run~oncentration :::: 0.23 mol.l-l 
t t 
100 200 
concentration NaN02 = 0 
300 
-5 -1 k = 7.1 x 10 sec. 
400 500 600 
time (mins.) 
-2.,5 
Me·· 
Kinetic run ; concentratipn -1 ::: 0"23 mol.l 
100 .. 200 
-1 concentration NaN02 . = Q~23 mol.l 
300 
-5 -1 k = 7o0 X 10 seCo 
t t 
t 
400 500 
time ( mins o) 
-1.5 
Me 
Kinetic run : concentration = 0.23 mo1.1-l 
0 
concentration NaN02 ::::: Oo46 mo1 .. 1-
1 
100 200 
t 
tf 
300 400 
time (minso) 
500 
concentration due to reaction. The graphs show the 
first order rate constant for the trimethyldienone 
rearomatisation is 3.7 't 0.4 x 10-6 sec.-1 while the 
corresponding value for the dimethyldienone rearomat-
-1 
sec. isation is 7.0! 0.8 x 10-5 The addition of 
sodium nitrite made no difference to the rate of reaction. 
Table XVIII 
First order rate constants for the rearomatisation of 
3,4,5-trimethyl-4-nitrocyclohexa-2,5-dien-1-one 
-
~ -1 [NaN02]mol.1-
1 10 6 -1 dienone J mol.l k1 X sec. 
r-· 
0.11 0 3.6 
0.22 0 4.0 
0.22 0.22 3.9 
0.22 0.44 3.7 
Table XIX 
First order rate constants for the rearomatisation of 
3,4-dirnethyl-4-nitrocyciohex~-2,5-dien-1-one 
[dienone] mol.l- 1 [i',TaNo2imol.l-
1 k 1 x 10
5 
r--~~----------------~ 
-1 
sec. 
0.23 0 
0.23 0.23 7.0 
0.23 0.46 6.8 
------------
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Overall, the rearrangements were not significantly 
catalysed by the addition of perchloric acid,although in 
the initial stages,those re~rrangements run in the 
presence of perchloric acid underwent J:earomatisation 
much more rapidly than those rearranQements run without 
acid presento (Table XX) A rearrangement run in the 
presence of' sodium perchlorate underwent rearomatisation 
at the same rate as a non-acidic rearr:-1ngement throughout 
showing that the perchlorate ion does not have any 
significant salt effect. 
Rearomatisation of the 
dimethyldienone in the 
presence of perchlor 
acid· 
XX 
Rearomatisation of' the 
dimethyldienone without 
the presence of' perchloric 
acid 
(mins) (mol.l-1) 
0 Oo24 
13 0.22 
38 0.18 
40 0.19 
60 0.17 
92 0.15 
170 0.13 
330 0.06 
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enone rearran of results 
3,4,5-trimethyl-4-nitrocyclohexa-2,5-dien-1-one 
(i) rearomatisation is first order in dienone with 
'+ -6 -1 kl = 3o7 _ Oo4 x 10 seCo 
( ii) N15;N14 ratio::: Oo18 for rearomatisations run 
with equimolar concentrations of dienone and 
sodium nitrite 
(iii) halving the amount of available N15 enriched 
sodium nitrite halved the N15!N14 ratio 
(iv) doubling the concentration of N15 enriched 
sodium nitrite increased but did not double 
the N15/N14 ratio 
(v) the rate of rearomatisation was not affected 
by any the changes in (iii) or (iv) 
(vi) overall, the reaction was not significantly 
acid catalysed by perchloric acid. 
3,4-dimethyl-4-nitrocyclohexa-2,5-dien-1-one 
(i) rearomatisation is first ord0r in clienone with 
. • -5 -1 
kl ::: 7.0 ~ Oo8 x 10 seco 
( ii) N15;N14 ratio= 0.42 for rearomatisations run 
. 
with equimolar conc~ntrations of dienone and 
sodium nitrite 
(iii), (iv), (v) and (vi) as for 3,4~5-trimethyl-4-
nitrocyclohexa-2,5-dien-1-one. 
D I C U S S I 0 N 
This discussion covers var aspects the 
reaction of aromatic substrates with tric acid-
acet anhydride mixtures. The first sedtion deals 
with the dence for nitration at ring positions 
in~J subs tuents other than the methyl group. A 
sumniary of the ion 1~1echanisms o.f those nitration 
products once considered anomalous, e.g.: aryl acetates 
and side-chain nitro products, obt from the nitration 
of various polymethylben:zenes in nitr acid-acetic 
anhydr presents the evidence for believing that 
these products arise from ipso-nitration at a methyl-
substituted ring position. Using this as a basis, 
it is then possible to explain the similar types of 
product found in this work in terms of ij?so-i:ii:t~ation 
at ring carbons bearing tituents other than the 
methyl groupo The second section deals with the 
duct distributions obtained from ·the nitr ons of the 
various compounds studied in this work and the kinetic 
competition nitrations between some of th.ese· compounds. 
The thitd section scusses the rearomat oh 
mechanism the nitrocyclohexadienones formed. 
The formati.6n of nitra roducts other than r 
nitro oducts, 
There are many possible reaction paths that may be 
follo-vvec1 after th& initial -nitration at an x-sub-
stituted ring position has occurred. These are 
65 
66 
summarised in scheme X. 
X 
XXXI 0 
y~ X X N02 X N02 
-HNO OAc NO + 2 0 2 OAc ·~ 
~ y y OAc OAc ~) \ \ Y=Me ··c I . " 2 \ Y=OAc \ -YIOA Ol\1e ~ I Br H 
-AcY 
X NO · 2 
0 
XVIII XX y 
-CH2 0 
02 
-No2 
+HZ 
X 
X 
X A cO 
m2 
XIX CH2 z ,_ 
XXI OH 
-
Scheme (X) 
The best evidence for ipso-nitration at the X-substit-
uted ring position is the isolation of the dienes ()NII) 
or dienones (XX) in which t;he N02 and X groups remain 
attached to the same ring carbon. In many cases .in 
this work, however, the dienes and dienones could not 
be isolated and the occurrence of 1£§£-nitration must 
be deduced from the nature of the products isolated 
from reactions. Scheme X indicates that the 
formation of aryl acetates (XXII), side-chain products 
(XIX), nitrophenols (XXI) as well as dienes and dienones, 
all have nitration at the :X:-substituted ring position 
as the first step. Isolation of such products (ips<?_-
products) may, therefore, be ~aken as evidence of 
~-nitration. Scheme X is best discussed by con-
sidering each of the possible pathways separately. 
( i) Loss 
X 
NO+ 
2 
y 
diene formation 
+: 
,) 
XVI 
y 
OAc 
Path~ 
XVII 
Scheme (XI) 
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Once a benzenoniurn ion (XVI) is formed as a result 
of nitration at the X-substituted ring position, 
one of the many possible reaction paths is the loss of 
+ X as X (path A)o This is especially favourable if 
X is a tertiary or even secondary alkyl group. Olah 
and Kuhn 88 showed that 11 normal 11 ring nitration is 
accompanied by electrophilic dealkylating nitration 
for or -and 
---"-
a-cymene and 
benzene when these compounds are nitrated with nitro-
nium tetrafluoroborate., Hahn and Strack 89 also 
observed nitro-deisopropylation from ~.E,.e-cymene. 
v·Jhen X+ is a poorer leaving group than N02 +, two 
other reaction pathways are possible; (i) the loss 
of N02+ leading to no overall reaction and (ii) the 
trapping a nucleophilic species (OAc ) at the 
iormally positively charged po tion to the 
site to form a diene (XVII) (path B). Only 1,4-
diene adducts are obtained by this process in all of 
the addition reactions studied. Two reasons can be 
advanced for the absence of 1,2-adducts. First, the 
para position in the cyclohexadienyl cation has a 
greater positive charge· than the ~£ position 90 
and should, ther ore, be more reactive tmvards 
nucleophiles. Second, there would ~e severe eclipsing 
interac-t:ions in the l, 2-aclduct between the N02 or 
methyl group and the adjacent acetate.group. In most 
68 
of the work done outside this thesis the group X, 
scheme XI, is the methyl group where path B is favoured 
and several diene acetate adducts are known. The 
diene may be a secondary acetate adduct (XVIIY::: H), 
or a tertiary acetate adduct, (XVII Y ::: Cl-b) o These 
two·possibilities lead to widely differing reaction 
products and are st discussed separately. 
( ii ). adduct 
X 
OAc 
:::h} '-HOAc 
· ' ,. "\ X NO 
2 
. 
X 
migration 
H 
Scheme (XI I) 
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Several examples of secondary acetate adducts (XXIII) 
k 10,11,91,92 are nown • These dienes decomposed in 
one or both of two ways depending on the decomposition 
concli tions. One way is by the loss of nitrous acid 
t · 1 t t ( tl " h )'II) 10 , 11 and ·o g1ve an ary ace a e pa 1 ~, sc erne . 
the other is through loss of acetic acid and a nitro 
group migration to give ring nitro products (path B, 
scheme XII). The rearomatisation of the ortho-xylene 
adduct (I) in a weak acetic acid solution can be t.:::~.ken 
as a typical example (scheme XIII). 
Ne 
path~ 
-HNO NO 2 2 
H OAc 
t-•!e 
D 
I 
Me 
Scheme (XI I I) H 
As the ester 
1-2 N02 
...;::... 
shift. 
Me 
OAc 
Il 
function is more basic than the nitro group, protonation 
of the acetate and loss of acetic acid to give 3-nitro-
70 
_£-·xylene (path D, scheme XIII) might be expected to be 
favoured over path c, involving acid catalysed fission 
of the nitro group. However, decomposition of the 
£~xylene adduct (I) under weakly acidic conditions, 
93 gives predominantly aryl acetate~ This suggests 
that the nitro group is not lost in an acid-catalysed 
unimolecular ssion but in a bimolecular process in 
which the geminal (H-1) proton is removed concurrently 
by a basic spec sQ As only weak bases are present, 
~.g. acetic acid, removal of the 1-H proton is not 
expected to be far advanced at the transition .state; 
i.e. the transition state will be near the c · sical 
phenonium ion ( X:(IV) • Presumably it is this assistance 
provided by the removal of the 1-H proton concurrent 
Me 
XXIV 
with the loss of the nitro group which makes the 
elimination to the aryl acetate preferred under w·eakly 
acidic conditionso \vhen the rearomatisation is done 
in sulphuric acid medium, ,the basicity is very low and 
this as stance is lost to a large extent. Consequently, 
pathway D is then preferred; the diene loses acetic 
acid and undergoes a 1-2 or 1-3 nitro shift to give 
an aromatic nitro product. 
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In the case of {I) at least, the nitro group is 
believed to undf3rgo a 1-2 shift 94 because only 3-ni tro-
2-xylene is formed when rea~omatisation is carried out 
via path D using 7(JJ6 aqueous sulphuric acid. In other 
circumstances, the nitro group is knovm to undergo a 
1-3 shift. A clear example of this is found in the 
rearomatisation of the diene adduct (XXV, scheme XIV). 
l\1e 
Me 
-~ l\1e NO St. 2 CN 
l\1 e H OAc 
XXVI 
rx1e 
CN Me 
H OAc~ XXV 
-BOAc 
No2/ 1\·le XXVIII 
1\fe 
6+ 
Ne 
XXVII 
path A path o2 N 
-HNO 1-3 I XXXI 2 nitro Ne shift f\1 e 
XXX Scheme (XIV) xxix 
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~e 
The major rearomatisation products obtained on heating 
(XXV) in inert solvent or acetic acid are 2,3~dimethyl­
benzonitrile (XXX) and its 5-nitro derivative (XXXI). 
The initial step in the rearrangement is los~ of the 
acetate group because loss of the nitro group leads to 
the. ion (XXVI) in which the nitrile substituent is 
attached to a ring carbon carrying a formal positive 
char.ge. Loss of the acetate leads to the more,stable 
ion (XXVII) where the charge on the ring carbon bearing 
the nitrile group is formally zero. The transition 
state leading to (XXVII) is therefore. expected to be 
of lower energy than that leading to (XXVI). The ion 
(XXVII) can either lose a nitro group to give.2,3-di-
methylbenzonitrile (path A, scheme XIV) or under~o a 
1-3 nitro shift to give (XXIX)(path B, scheme XIV). 
A 1-2 nitro shift results in the carbon atom to vvhich 
the nitrile group is attached acquiring a formal positive 
charge (XXVIII). This is energetically unfavoured 
compar.ed to the 1-3 shift which maintains the zero 
charge on this carbon atom. The 1-3 shift is apparently 
intramolecuiar because the amount of (XXXI) formed is 
not decreased when the rearomatisation is carried out 
in the presence of ~eactive arenes such as mesitylene. 
{iii) Reactions of a tertiary ~cetat~ adduct 
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. 11 20 A few tertiary acetate adducts have been 1solated ' . 
The simple 1,4 e~imination of nitrous acid cannot occur 
path B 
-~ 
- HNO 2 
Me Ac~ath A 
XXXI -HOAc 
X N02 
path D + 
XXXII?. Me 
-H 
XXXIV 
X 0 2 
"(HNO 
+HZ"" 
2 
"1 ~ . CH2 Z 
Me 
~the X 
Scheme (XV) 
for tertiary adducts and they exhibit a wider range of 
rearomatisation reactions than the secondary adducts. 
However, as for the secondary adduct's, the first step 
in the rearomatisation involves either loss of nitro 
group (path B, scheme XV) or loss of acetate (path A). 
If the adduct loses acetate, the benzenonium ion (XXXIII) 
is generated., The ion (XXXIII) reacts either by a nitro 
shift to give a nitroarene (path C) or by the abstraction 
of a proton from the para·-tnethyl group to give an exo-
cyclic diene (XXXIV) leading to side-chain products (XXXV) 
(path D). The group 2 in the de-chair; products (XXXV) 
arises from the nucleophilic spec s HZ in which the 
rearoma sation is run; e.g. Z=Ot-'Ie in methanol, OAc in 
acetic anhydride-acetic acid. Exocyclic dienes (XXXIV) 
are believed to be key intermediates in the formation of 
•ct h . d 14 >19 , 20 l.th l th . 1. t s~ e-c a~n pro ucts, a - oug1 ere ~s no c~rec-
evidence for their existence. None have been isolated 
or detected &1ring the course of nitration reactions 
0 20 
carried out at -60 • Nevertheless, the mechanism 
drawn out in scheme XV, in which formation of the exo-
cyclic diene (XXXIV) plays a prominent role, allows a 
rational explanation o£,the range of products formed by 
the rearomatisation of tertiary acetate adducts under 
different rearomatisation conditions. A well studied 
adduct is 95 that from _E-xylene (scheme XV, X=CH3 ). The 
result of the competition between pathways C and D is 
found to depend on the strength and concentration'of the 
bases present the rearomatisation medium. The stronger 
the base and the higher its concentration the more likely 
it is that deprotonation of ()C(XII1,path D) will occur 
before the nitro shift (path C). When the rearowatis-
ation of the £-xylene adduct is carried out in the presence 
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of sulphuric acid or nitric acid, the strongest bases 
available to deprotonate (XXXIII) are the liberated 
acetic acid and nitrous acid and their concentrations 
are low. Consequently, path C is favoured over path D 
and the major rearomatisation product is 2-nitro-E-xylene. 
On the other hand, when decomposition is. Co.rried out in 
methanol, this more basic solvent, present in high 
concentration, efficiently deprotonates (XXXIII~ and 
no 2-nitro-E-xylene.is formed; the product is (XXXV, 
It has been established from a. study on nitration 
of cert 14 polymethylbenzenes that the proposed exo-
cyclic diene interme.dia tes must have a cross -conjugated 
triene structure (e.g. X~OQV) and not ~conjugated triene 
structure (e.g. XXXVI). Firstly, only those methyl-
XXXVI H 
benzenes with methyl groups to each other form 
side-chain .derivatives; secondly, the side-chain 
derivatives formed are th6se in which the ~ubstituted 
methyl group is to.the most activated 
position; thirdly, only those adducts which have a 
methyl group ipso to the acetate gi~e side-chain 
--.-. 
products - secondary acetates do not - and fourthly, 
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the methyl group substituted is .~pso to the acetate and 
to the po tion of nitronium ion attack, not at 
positions -~ or ~ to the initial electrophilic 
attack. 
Once the exocyclic diene (XXXIV) has formed there 
are two possible mechanisms by which it ~ay rearrange 
to the de-chain product. The first mechanism (A) is 
> 
+ 
+ NO 2 
XXXIV 
X 
Scheme (XVI) 
considered unlikely 95 because attempts to detect the 
release of nitronium ion from the cyclohexadienyl cation 
formed froP1 hexar.wthylbenzene by trappirig th mesityl-
ene 
96 
were unsuccessful and the ni tronium ion is expected 
to be a better leaving group from a positively char 
cyclohexadienyl cation than an uncharged exocyclic diene. 
In addition, the side~chain nitro derivative often forms 
in competition with side-chain esters which can only 
arise directly :from nucleophilic attacko It seems un-
likely that both side-chain nitro and side-c~ain ester 
compounds would form at comparable rates under quite 
different conditions as observed,95 if they were formed 
by different mechan • It is probable, therefore, 
that all side-chain products arise from nucleophil 
attack on the exocyclic diene (XXXIV)·; by nitrous acid 
to give side-chain nitro products, by acetic acid to 
give benzylacetates or by methanol.to give benzylmetl1Yl-
ether. Nitrous acid and acetic acid are liberated from 
the adducts during rearomatisation and are available to 
compete as nucleophiles against any introduced nucleo-
philes. 
Although tertiary acetate adducts have been shown 
to rearrange to give h . . d t 20 ... -c a1n pro uc s~ 1t 1s not 
certain whether these adducts are necessary intenwdiates 
in the formation of the side-chain products or not~ The 
other possible mechanism by which the side-chain products 
may be formed is shown in scheme XVII in which 
benzenonium ion resulting from ipso-nitration 0oes 
directly to the exocycli6 diene. However, whichever 
mechanism (scheme >N, path D) or (scheme XVII) correct, 
the rst step in the formation of s e-chain products 
is i,pso-nitration. at the ring tion to the 
chain. Thus formation of side-ch n products is evi-
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dence for 2£.~~-ni tration. 
Me 
+N0
2
+ 
~""'";:===:::::::::::... 
Me 
CH Z · 
2 
Scheme (XVII) 
Tertiary acetate adducts may calso rearrange by 
path B (scheme XV) to give aryl acetates. TheE-xylene 
95 
adduct has been studied in some detail. Pathway B is 
most favoured when the diene rearomatisation is carried 
out in wet acetic acid. \Jater catalyses the rc~action 
and has a profound effect on the rearrangement mechanism. 
Rearomatisation of the ,E-xylene adduct in wet acetic 
acid goes to completion in thirty minutes and gives 
acetoxy-.E-xylene as the only product, whereas in an-
hydrous acetic acid the reaction takes ghteen hours 
and gives a mixture of products ar ing from both path-
ways A. and B (scheme XV). This suggests that the re-
79 
arrangement mechanism may be a concerted acid-catalysed 
loss of nitro group accompanied by acetate migration 
with water acting as a base to remove the proton in the 
transition state (XXA.'VII). Support for the 1-2 acetate 
HA ,,.. 
Me OAc 
Me N02 __ H-- -A 
.; H--- OH2 
''{) 
', - ~~ o-, 
Me 
XXXVII 
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Scheme (XVIII) 
shift cones from a study the diene (X) 19 which, on 
rearrangement in aqueous acid, gives (XXXVIII) and 
(XXXIX) as major products .. 
Me 
fvle Me Me 
HA 
H20 
> + 
Me 
X XXXVIII XXXIX 
---
Only one of these unstable dienes has been character-
. 97 1sed. Such dienes decompose to give a nitrocyclohexa-
2,5-dien·~l-one (XL) and several of these compounds have 
-AcY 
Y = OMe,OAc,Br. 
0 
(~) 
been isolated. 13 ' 98 The dienones ultimately rearrange 
to trophenols. 
The most important point to emerge from these 
studies on the formation of 11 anomalous 11 nitration pro-
ducts in acetic aahydride-nitric acid is that they all 
result from the initial J-J2s~-nitration at a m.ethyl-
substituted ring position. Consequently, isolation of· 
side-chain nitro products and aryl acetates as well as 
dienes and dienones evidence for iEso-nitration. 
at ar carbon tuents o 
It has been found in this work that ipso-nitration 
wi occur at ring carbons bearing ethyl or methoxy 
groups and bromine or chlorine atoms. Table XXI presents 
81 
the evidence for thiso. The nitration products are 
categorised as arising either from ipso-nitration or 
normal nitration, i.e. nitration at an unsubs~ituted 
ring position, and the amount of each product 
as a percentage of the total yield. 
Table XXI 
Compound nitrated: pa.ra-diethylbenzene 
Product Origin 
4-(o<..-ni troethyl) -ethyl-
benzene 
_ipso-nitration at an 
ethyl-substituted 
ring position 
1,4-diethyl-1-acetoxy-4-
. nitrocyclohexa-2,5-diene 
2-nitro-1,4-diethylbenzene 
ipso-nitration at Et 
normal nitration 
Compound nitrated: para-ethyltoluene 
roduct 
4- ( c;(.-ni troethyl) -toluene 
4-ethyl-phenylnitromethane 
2-nitro-4-ethyltoluen~ 
3-nitro-4-ethyltoluene 
2-acetoxy-4-(c:.(-nitroethyl)-toLuene · 
3-acetoxy-4-ethyltoluene 
ips_£-nitration at IVIe 
iJ2so-nitration at Et 
normal nitration 
normal nitration: 
ipso-nitration at ~ie 
ipso-nitration: at t-'!e 
given 
% 
55 
10 
35 
% 
35 
30 
18 
14 
2 
1 
•••• /Cont. page 83 
82 
Compound nitrated: ethylmesitylene 
Product 9rigin % 
3, 5-dimethyl-4-ethyl-phenyl- iJ2SO~-ni tr a tion at Et > 98 
nitromethane 
nitroethylmesitylene normal nitration 
Compound nitrated: bromomesitylene 
Product 
2,4-dibromo-6-nitro-
mesitylene 
nitromesitylene 
nitrobromomesitylene 
Or in 
uncertain 
uncertain 
Compound nitrated: 2,4,6-trimethoxybromobenzene 
Product 
2,4,6-trimethoxynitro-
ben:Zene 
1,3-dibromo-5-nitro-2,4,6-
trimethoxybenzene 
nitro-2,4,6-trimethoxy-
bromobenzene 
1,3,5~tribromo-2,4,6-tri­
methoxybenzene 
Origin 
i£so-nitration at Br 
u.ncertain 
uncertain 
uncertain 
Compound nitrated: chloromesitylene 
Product 
nitrochloromesitylene 
3,5-dimethyl-4-chloro-
phenylnitromethane 
dinitrochloromesitylene 
Origin 
normal nitration 
normal nitration 
•••• /Cont. page 84 
< 2 
% 
45 
41 
14 
48 
22 
20 
10 
78 
20 
2 
83 
Comi)m.md nitrated: 2, 4, 6-trimethoxychlorobenzene 
3-nitro-2,4,6-trimethoxy-
chlorobenzene 
3,5-dimethoxy-4-chloro-4-
nitrocyclohexa-2,5-dien-
l-one 
normal nitration 
ipso-nitration at Cl 
Compound·nitrated: methoxymesitylene 
Product Or in 
75 
25 
% 
3,5 thyl-4-methoxy- }ES_£-ni tration at Or!e 60 
phenylnitromethane 
2,4,6-trimethyl-4-nitro-
cyclohexa-2,5-dien-1-one 
2-acetoxy-3,5-dimethyl-4-
methoxyphenylnitromethane 
i.J2SO-ni tr at ion 8.t r•Ie 29 
uncertain 11 
( i) Ipso-n.!!Eation at ring car~~be~:=-ing ethyl qr~ 
The isolation of one of the stereo-isomers of the 
diene (XLI) is direct proof o:f ips2_-nitr"ation at the 
Et N02 
ethyl-substituted ring position in a-diethylbenzene. 
It is likely that the is6lated isomer has the cis 
structure on the basis o:f n .m. r. evidence and compa1: ison 
with the para-xylene adducts. 
""------ ~ 
In the case o:f 
xylene, the cis structure v..ras tentatively assigned to 
the isomer with a proton resonance at & = 6. 21 and the 
trans structure to the isomer with a . - 99 gnal at s -6.03. 
The analogous proton resonance of the diene isomer 
isolated in this work appears at S= 6.10. Before 
work-up, the n.m.r. spectrum gave evidence for the 
presence of the other isomer. The spectr1,1in cons:L sted 
of a small singlet at &= 5.95 with a larger singlet at 
b= 6.13. Th~~ latter presumably belonged to the isomer 
eventually isolated as the signal at 5.95 disapr)eared 
quickly on heating a small sample of product mixture. 
Ther ore, the more stable isomer has a proton resonance 
in the diene region i= 0.18 downfield from the more 
reactive isomer. The same tuation arises for 
Ear3;-xylene adclucts and by analogy with them, the isomer 
obtained ·in this work probably has the cis structure. 
However, ,this assignment is not certain because all 
attempts to date have fail'ed to positively stinguish 
. 95 
between the cis and tr oara-xylene adducts • 
.......___ 
Isolation of side~chain nitro products from the 
ni trat·ion of r;ar~-diethylbenzene, Ear~-ethyl toluene 
and ethylmesi tylene is further evidence for ~-Eso-ni tration 
at an ethyl-substituted ring position. These· products 
form in. an analogous vo1ay (scheme XX) to t'he side-chain 
nitro products isolatecl from the previously discu~1sed 
!pages 65 - 81) nitrations of the methylbenzenes. 
The mode of formation of ~>-acctoxy-4-(~ni troethyl)-
toluene, isolated. from the tr on of a-ethyltoluene, 
-----
is less obvious although the position of the sidc:?-chain 
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Et 
Et Et CH 
~ I \ Me NO + I \ 2 I - \ I -HOAc OAc \. / 
Et N02 
Et 
Et OAc CHNO I 2 
Me 
Scheme (XX) 
Ear~ to the methyl group, indicates that it involves ~£..:?2_-
nitration at the methyl-substituted ring position at some 
stage. ·This product does not arise from nitration of 
3-acetoxy-4-ethyltoluene which, when reacted under the 
conditions used for para-ethyltoluene, gives a ring 
nitro product.with no trace of substitution in the side-· 
chain. Possibly, 2-acetoxy-4-(~-nitroethyl)-toluene 
arises via the following mechanism (scheme XXI). In 
this reaction sequence, 4- ( o<. -ni troethyl)- toluene would 
not be formed as a discrete product. This is in agree-
ment with experiment which shows that 2-acetoxy-4-
(~-nitroethyl)-toluene does not arise by the acetoxylation 
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Scheme (XXI) 
of 4-(~-nitroethyl)-toluene in nitric acid-acetic 
anhydride at 0°o 
I'he small amount of 3-acetm~y-4-ethyJ.toluene 
isolated from the nitration of p~~-ethyltoluene is 
considered to have arisen from (XLII) by N02 loss and 
Et OAc 
XLII 
Me OAc 
Et N02 
XLIII 
88 
a 1-2 acetate shift in an analogous way to the rearrange-
ment of tertiary acetate adducts discussed previously (p.79) 
rather than from (mJIII) by N02 loss and a 1-3 acetate 
shift. The isolation of 3-acetoxy-4-ethyltoluene does 
not, therefore, constitute evidence for i£?~-nitration 
at the ethyl-substituted ring position. 
( ii) .!E...~?-ni tration at_ a ri!"lg position bearing the 
£hloroz bromo or methox~ function 
The isolation of 3,5-dimethoxy-4-chloro-4-nitro-
cyclohexa-2,5-dien-1-one from among the products of 
nitration of 2,4,6-trimethoxychlorobenzene is direct 
proof of ipso-nitration at a chlorine-substituted ring 
position. By analogy with the nitrocyclohexa-2,5-dien-
1-ones formed through ipso-nitration at a methyl-substit-
uted ring position, this product is almost certainly 
formed by the following reaction sequence (scheme XXII). 
OMe 
OM 
NO + 
2 
OMe 
0 
MeO 
MeO OAc 
OAc-
Me ie 
Scheme (XXII) 
The formation of the side-chain nitro produ6t, 3,5-di-
methyl-4-chloro-phenylnitromethane during the nitration 
of chloromesitylene, is further evidence for nitration 
.:!J~So to the chlorine-substituted ring position. 
The evidence for ip_so-nitration at the bromine-sub-
stituted ring position lies in the isolation of poly-
brominated and debrominated products from the nitration 
of bromomesityhme and 2,4,6-trimethoxybromobenzene. 
After JJ2so-nitration occurs at the ring position bearing 
the bromine substituent, the resvlting benzenonium ion 
releases Br+ to give,overall, a nitro-debromination 
reaction, e.g~ scheme (XXIII). 
t-1e Me 
M e 
' 
Me 
Br 
Me 
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Scheme (XXIII) 
The liberated Br·!c: is i).ble to rebrominate bromomesi tylene 
to give dibromomesi tylene vvhich is not an isolated 
product though nitro-dibromomesitylene is. Support 
for this mechanism comes from a study.of relative leav 
b . 1 . . h . 1 . A • .b . t t . 1 00 Th . a 1 J. es 1n e ctrop 1 1c aroma t:1C su st1 ·u ·1on. 1s 
shows that in acetic acid-acetic anhydride containing 
hydrochloric acid, 1-chloro-1-nitro-2-keto-1,2-dihydro-
naphthalene (XLIV) undergo~s both migration and loss 
Cl 
0 XLIV 
f + Cl+. o- N02 rather than In contrast, the bromo 
+ analogue loses Br • The conclusion is that the leaving 
abilities of these electrophil~s increases in the order 
+ + + Cl < N02 < Br • The same order of leaving group ability 
is being observed in this worko Chloromesitylene gives 
no evidence of Cl+ having been released at any stage of 
the nitration as no polychlorinated or dechlorinated 
products are detected, whereas bromomesitylene shows 
+ considerable Br release. 
I;es~-nitration at a ring carbon bearing a methoxy 
group has been directly observed previously by the 
isolation of 3,4,5-trimethoxy-4-nitrocyclohexa-2,5-
dien-1-one from the nitration products of 1,2,3,5-tetra-
98 
methoxybenzene. Isolation of 3,5-dimethyl-4-methoxy-
phenylnitromethane from the nitration of methox:ymesitylene 
in this \'Jork provides further proof that il)So-ni tration 
may occur at a ring carbon bearing a methoxy group. 
The mode of formation of 2-acetoxy-3,5-dimethyl-
4-methoxyphenylnitromethane does not appear to conform 
to the pattern of the other side-chain nitro products 
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isolated in this work although the position of the side-
chain, E~!a to the methoxy group, suggests that there has 
been iJ2~-nitTation at the methoxy-substituted ring 
positiono 2-Acetoxy-3,5~dimethyl-4-methoxyphenylnitro-
methane (11% of the product) does not arise either from 
(i) the acetoxylation of 3,5-dimethyl-4-methoxyphenyl-
nitromethane, as treatment of this compound with acetic 
anhydride-nitric acid at 0° gives no reaction or (ii) the 
nitration of acetoxy-methoxymesitylene, because quenching 
the nitration reaction mixture after fifteen, thirty and 
sixty minutes and analysing the products (g.l.c.) gives 
no trace of acetoxy-methoxymesitylene as a discrete 
reaction product. This suggests that either the con-
centration of acetoxy-methoxymesitylene is too low to be 
detected at any stage or that the reaction pathway leading 
to 2-acetoxy-3,5-dimethyl-4-methoxyphenylnitromethane is 
different from those of other side-chain nitro products. 
Any attempt to draw up such a reaction pathway would, 
however, be totally speculative. 
There is no evidence in this work for ips~-nitration 
at a phenyl-substituted ring position because only ring 
nitro products are obtained from the nitration of any of 
the substituted biphenyl compounds and there is no evi-
dence to suggest these products arise by other than 
normal electrophilic attack at an unsubstituted ring 
positiono Furthermore, there is no evidence for ipso-
nitration at the fluorine-substituted ring position of 
91 
fluoromesitylene or 2,4,6-trimethoxyfluorobenzene because 
nitration of these compounds leads only to ring nitro 
products. There is nothing to suggest that these products 
do not arise by normal ring nitration. 
p 
The primary reason for performing the nitrations 
discussed in the previous section was to gain evidence 
for ipso-nitration at ring positions bearing substituents 
other than the methyl group. However, the product 
distributions obtained from these nitrations allows some 
insight into the factors determining the balance between 
ipso and non (normal) - nitration. This insight 
may best be gained by relating the amounts of ~pso and 
normal nitration products observedfor different com-
pounds to the different electronic and steric require-
ments rel~vant to each instance. 
The product distributions are shown in Table XXI 
(page 82) along with the origin of each product where 
known. The uncertainty associated with the formation 
of most of the products obtained from nitration of 
bromomesitylene and 2,4,6-trimethoxybromobenzene arises 
because there is the possibility that these products 
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come from one or both of two reaction paths; one in-
volving the initial ipso-nitronium ion attack at the 
bromine substituted ring position and the other involving 
normal nitration at an unsubstituted position. (Scheme XXIV) 
Because of this uncertainty, it is not possible to tell 
the percentage of reaction products arising from iEso-
nitration in these two cases. 
Me 
ttnormal 11 
Me 1e 
\~ 
Me 
M 
+ 
-Br 
Me l\1e 
Br 
Me 
Br Br 
Scheme (XXIV) 
In order to ensure a meaningful comparison of . 
product distributions, certain difficulties must be 
taken into account. One of these concerns the possible 
reversibility of the initial _!E_so-ni tration, the extent: of 
which will vary from compound to compound. .This is 
espeaially relevant for comparisons between compounds 
with different groups at the iEso-nitration site. The 
reversibility of. ipso-nitration depends to some extent 
on the relative leaving abilities of. the X+ and N02 + 
groups where X i.s ·the substituent at which i£§_£-ni tration 
occurs. The poss;ibili ty of. ,ipso-nitration being reversible 
93 
+ + is greatest when X is a poorer leaving 9rou·p than N02 • 
Therefore, a comparison between amounts of .ipso-nitration 
occurring at ring positions bearing substituqnts of 
different leaving abilities, e.g. Cl+ and Me+, will be 
less reliable than an analogous comparison hetween com-
pounds bearing substituents of similar leaving abilities 
at the so-nitration siteo __.. __  
Another potentia~ difficulty is that the benzenonium 
ion· or diene adduct r.esul ting from }J2so-ni tration may 
undergo a nitro group migration to give a normal ring nitro 
product. It has been shown95 that tertiary diene adducts 
94 
can rearomatise to normal ring nitro products under strongly 
acid conditions. However, in this thesis,when the nitration 
reactions that give side-chain nitro compounds as evidence 
for .:!£.~-nitration are run at -46°, the n.m.r. spectra show 
proton resonances in th~ diene region. These are replaced 
by a single peak in the same region of the spectrum when the· 
temperature is raised to -15°. This is interpreted as 
the diene adducts decomposing to give side-chain nitro 
products. None of.the systems ~tudied gave a detectable 
concurrent increase in the prot9n signals of the aromatic 
region suggesting .that under the reaction conditions used, 
ipso-nitration does lead. to recognisable ips~-products. 
It is also assumed ·that the ratio of ipso:normal nitration 
products mirrors the ratio of initial !£so and normal 
nitronium ion attack. Some support for this is provided 
by the product distributions obtained from the nitrations. 
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run using propionic anhydride-nitric acid as the nitration 
medium instead of acetic anhydride-nitric acido This 
means that a propionate ion.must now be trapped by the 
benzenonium ion in order that a diene adduct forms. (Scheme XX 
e 
NO + 
2 
OPr 
e 
Scheme (XXV) 
Such a change, however, made no significant alteration 
to the final product distribution obtained from the nitration 
of 4-acetoxy-£-xylene, 5-acetoxyhemimellitene or £-xylene 
(Table VII, page 53)o This suggests that the reactions 
occurring subsequent to the initial nitration do not 
significantly affect product distributions. 
InteE,pretation of 12roduct dist_ributions 
The product distributions obtained from an aromatic 
organic reaction may be rationalised either by (i) con-
sideration of the relative reactivities of the available 
ring reaction sites in the ground state molecule.to the 
particular type of reaction in question,or (ii) consider-
ation of relative stabilities of the transition states 
arising from reaction at each of the available ring sites. 
In the ground state approach, the reactivity of a possible 
reaction site depends on the 1T-electron density at that 
position as well as any steric considerations such as the 
presence of large groups which may block access to that 
reaction site. As this thesis deals with aromatic electro-
philic substitution, those ring positions with the greatest 
lT -electron density are expected to be most activated 
towards attack provided steric factors are not unfavourable • 
. However, it is not possible to gain an accurate determin-
ation of electron density at the ring positions of any of 
the compounds studied in this thesis. The best data 
presently available for this purpose come from quantum 
mechanical calculations but these have been done only for 
simple molecules such as benzene and various mono-substit-
uted benzenes. (Table XXII) Such calculations show the 
effects of single groups, e.g. OMe, Me, Et, c6H5 , F, Cl, 
on the 11 -electron distribution ar.ound a benzene ring 
but it is not generally considered meaningful to add these 
effects in order to predict the electron density at any 
given site in a ring substituted by two or more of these 
substi tuents. Until electron density calculati.ons have 
been done for the actual compounds studied in this thes:L_s, 
it is not possible to use a true ground state approach to 
rationalise the products obtained from any particular 
nitration. However, experimental quantities such as ~~ 
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values and partial rate factors are used to provide some 
estimate of the reactivity of various positions in the 
ground state molecule although these quantities, being 
experimental, are not necessarily a true measure of ground 
state reactivity. 
'fable XXII 
-----
Ring E,£.Sition 
c1 cz c3 c4 Reference 
toluene 0.972 1.015 0 .. 994 1.012 101 
ethylbenzene 0.971 1.017 0 •. 994. 1.012 101 
·fluorobenzene 1.007 1.042 0.984 1.021 101 
anisole 0.983 1.063 0.979 1.038 101 
chlorobenzene +0.014 -0.001 +0.010 -0.005 102 
biphenyl -0.006 -0.012 +0.008 -0.020 103 
(planar) 
biphenyl +0.003 -0.013 +0.013 -0.033 103 
(perpendicular) 
The stabilities of transition states also are 
dependent on electronic and ster~c factors. 
Doth the ground state and transition·state approaches 
. . . . 
e>-.rplain, qualitatively at ·least, the observed product dis-
tributions arising from the nitrations of Eara-diethyl-
bem~ene and ethyltoluene compared to the previously 
. . 11 14 n~ trated para-xylene ' • The transition state approach 
best explains the product distributions obtained from 
nitration of the v~rious ~one-substituted mesitylenes. 
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Product dist 
In ground state terms, the quantum mechanical calcu-
lations show that only small differences are created in 
~ -electron densities around a benzene ririg by changing 
the ring substituent :from a methyl group to an ethyl group 
(Table XXII). Therefore, the relative electronic activ-
ation o:f the substituted and unsubstituted positions in 
para-diethylbenzene and para-xylene are expected to be 
similar. The transition state approach leads to the same 
conclusion. The transition states for nitronium ion 
attack at the substituted and unsubstituted positions o:f 
Eara-xylene and Ear.a-diethylbenzene are discussed in terms 
of the ions (XLV - .iU..VII I) which result from attack at 
these positions. The transition state leading to the 
·most stable ion is expected to be the one most favoured. 
In this case, as all the ions (i~V - XLVIII) carry some 
Me N02 l\1e 
0-t S+ o2N 
~ ... 
XLV XLVI 
Et /02 
Et 
··(j·+ 0 2N 
<;;+ ~~ " ,, 
t 
)a_, VII XLVIII 
---
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positive charge on one ring position substituted by either 
an ethyl or methyl group and the remaining positive charge 
on two unsubstituted ring positions, they are expected to 
be of similar electronic stability. In terms of steric 
considerations, the ground state and transition state 
approaches also lead to similar conclusionso The ethyl 
group hinders attack at the ortho position compared to the 
methyl group primarily because of its greater size as has 
been shown many times in the study of ortho:para product 
ratios obtained from nitration of toluene and ethyl~ .. 
benzene. 104- 107 The ethyi group may also hinder attack 
·at the i£..~ position more than a methyl group again because 
of its greater size. However, provided the methyl and 
ethyl groups offer the same comparative amounts of steric 
inhibition towards attack at the ipso and ortho positions, 
the differ-ence in size between these groups is expected to 
have no effect on the relative amounts of ~ES£ and normal 
nitration products obtained. If this is so, nitration of 
Eara-xylene and Eara-diethylbenzene should lead to similar 
ipso:non-ips~ product ratios in each case. Consideration 
of the steric stabilities of the ions (XLV - XLVIII) leads 
to the same conclusion. The Et - N02 non-bonded inter-
actions present in ions (XLVII and XLVIII) may be greater 
than the Me- N02 interactions of ions (XLV and XLVI), 
but the important factor in determining the ratio of ipso: 
non-ipso nitration products obtained from £ar~-xylene and 
para-diethylbenzene is the comparative steric stability of 
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(XLV, XLVI) and (XLVII,XLVIII) respectivelyo Provided 
that (XLV, XLVI ) and (XLVII, XLVIII) are of similar 
comparative steric stability, the nitrations of par~-
xylene and diethylbenzene are expected to give 
corresponding :non-ir:so product ·ratios, This 
condition is apparently satisfied as para-xylene (61;39) 14 
and para-diethylbenzene (65:35) are found to undergo ipso 
and n,on-iB~ nitration to much the same extent •. 
If it is assumed that the methyl and ethyl substituted 
positions of para-ethyltoluene are equally electronically 
activated towards electrophilic attack, the para-ethyl-
.tdluene nitration product distribution provides a compar-
ison between the steric hindrance the methyl and ethyl 
groups offer toward ipso-nitrationo Furthermore, the 
ratio of 2-nitro-4-ethyltoluene to 3-nitro-4-ethyltoluene 
will be primarily a comparison of the steric hindrance 
offered toward nitronium ion attack ortho to a methyl gioup 
and an ethyl group resp~ctively. The results show (Table 
XXI, page 82) that of the nitration products obtained from 
para-ethyltoluene, 38% arise from ipso-nitration at the 
methyl substituted position and· 30% from the .ethyl sub-
stituted.position. 2-Nitro-4-ethyltoluene accpunts for 
18% and 3-nitro-4-ethyltoluene for 14% of the product~. 
A:s expected,. this suggests that the positions .?-Eso and 
ortho to an ethyl group are slightly.more hindered toward 
nitronium ion attack than the sites and ortho to a 
methyl. group., Furthermore, the ratio of products arising 
from nitration ortho and ipso to the methyl group, 18:38, 
100 
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is similar to that for the ethyl group, 14:30 again 
supporting the assumption that the same relative steric 
hindrance is offered towards nitro attack at the positions 
ipso and _or t_~£ to a methyl or ethyl groupo 
Product distributions from the monosubstituted mesitylenes 
Using the same approach to rationalise the nitration 
product distribution of the mesitylene 
f'.1e 
MJ§;Me 
X 
series (XLIX, 
XLIX 
X = Br, Cl, F, O!Vle, Et, c6H5 ) is more involved because 
there are now four different positions at which nitro-
nium ion attack may occur. These are the positions 
ipso, ortho, meta and para to the substituent X. 
Attack at the sites ortho and para to the X~substituted 
position are ips£-nitrations but in the following dis-
cussion this term is reserved for nitration at the X-
substituted position. Attack at the positions or~ho 
and para to the X-substituent are termed ortho and 
para attack respectively. 
For these molecules it is not possible to predict 
the most activated ground state ring position with any 
certainty. The results may be explained by consider-
ation of the stabilities of the transition states, 
discussed in terms of the ions (L-LIII); arising from 
nitronium ion attack at the various ring positions. 
!~~sulting :from ipso, ortho, meta a11;d :eara nitro 
attack on the X-substituted mesitylenes 
X 
L Me 
Me 
Me 
X LII 
LIII 
-
Any electrophilic attack ortho or to the X-sub-
stituted position places a formal positive charge at 
the unsubstituted positions (L,LII) whereas meta and 
i:e,sC?_-nitration result respectively in the more stable 
ions (LI,LIII) in which the formal positive charge 
resides on methyl-substituted ring positionsQ (L) 
can only be stabilised if the X-substituent is able to 
remove some positive charge from the ring. Of the 
substituents studied in this work, the methoxy group 
has the great~st capacity for dispersal of positive 
charge· and, in the case of methox;®esitylene, 
nitration (via L) is now sufficiently favoured to com-
pete with J:.pso-nitration {via LIII). In the other 
cases, the X-substituents spread positive charge less 
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and meta-nitration become favourable; 
chloro, ethyl and bromo-mesitylene undergo nitration 
--
and meta to the chloro, ethyl and bromo groups 
respectively. \~ile this broadly explains some of 
the observed product distributions obtained from nitra-
tion of the substituted mesitylenes, some of the results 
require a closer examination. 
'· Phenylmesitylene and other biE.hen_2l compounds 
The lack of J....E.so-ni tration at the phenyl-substi t-
uted ring position of phenylmesitylene can be rational-
ised by comparison of the steric and electronic stability 
of the transition state (discus in terms of LIV) 
H 
Me e 
LIV Me 
:Me 
NO 2 
le 
LV 
resulting from nitration }pso to the.phenyl group with 
the_corresponding pr6perties of the transition state 
(LV) arising from nitration at an urtsubstituted ring 
position 9 LIV is sterically unstable compared to LV 
because of the interactions between the nitro group and 
the ~£ hydrogen atoms on the unsubstituted ring~ 
These interactions are not present in LV a~d accordingly 
both products isolated from the nitration of phenyl-
mesitylene possess a 4 1-nitro substituent. Electron-
ically,(LV)is expected to be more stable than (LIV) 
because it retains the possibility of spreading posit~ve 
charge through the inter-rin~ bond to the mesitylene 
ring, whereas the tetrahedral centre in(LIV) stops 
any inter-ring resonance. However, this may no~ be 
a very important factor in phenylmesitylene because 
the amount of double bond character between the rings 
is greatest when they are co-planar as this allows for 
maximum overlap of p-orbitals across the inter-ring 
hondo In phenylmesitylene the rings are expected to 
be twisted far.from co-planarity in order to relieve 
steric inter actions between the or tho protons and the 
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ortho methyl groups on the mesitylene ring. Even the 
steric interactions created by the introduction of a 
single fluoro-substituent into one of the four ortho 
positions of biphenyl are sufficient to twist the rings 
0 . 108 109 
about 50 from co-planar1 ty ' and reduce the inter-
ring resonance energy to half the amount present in 
biphenyl i t.self 110o A large amount' of nitration occurs 
at the 3-position of the mesitylene ring suggesting that 
the advantage offe':red by inter-ring resonance in spread-
ing positive charge is not very great because charge 
placed on the ring by attack at the 3-position cannot 
be spread in this way. 
In the case of the hexamethoxybiphenyl, steric 
interactions in the transition state arising from 
nitration to the phenyl group will be greater than 
those present in the corresponding transition state of 
phenylmesitylene. Whereas the steric strain in the 
phenylmesitylene transition state arises from inter-
actions between the nitro group and two protons, in 
the case of the hexamethoxybiphenyl transition state 
the nitro group interacts with two methoxy groups~ 
The monosubstituted biphenyls (£-bromo and E-
methoxy) do not undergo nitration at the phenyl-sub-
stituted position either, again because of the steric 
interactions. between the nitro group and the phen:.:l 
ring. Electronically, the attack at the phenyl-
substituted ring position is expected to lead to the 
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loss of a considerable amount of inter-ring resonance~ 
The ground state biphenyl molecule is calculated to 
have about 21 kJ/mole resonance energy over that of 
two isolated benzene rings 111 .. The change in inter-
ring resonance energy caused by the introduction of a 
4-substituent into an otherwise unsubstituted biphenyl 
' 
system is small. Whatever change occurs is believed 
to be due to electronic interactions between the sub-
lOB 
stituent and the biphenyl chromophore ., Consequently, 
bromo and methoxy-biphenyl are not expected to undergo 
~pso-nitration at the phenyl-substituted position 
because this results in the loss of a considerable 
amount of resonance stabilisation energy. In fact, 
4-bromobiphenyl does undergo nitration mainly at the 
4 1-position from where the resulting positive charge 
may be spread by inter-ring resonance. Other factors 
must be involved however, because 4-methoxybiphenyl 
undergoes nitration mainly ortho to the methoxy group; 
a position from which resulting positive charge cannot 
be distributed by inter-ring resonance. 
The halomesitylenes 
Bromo and chloro-me'si tylene undergo ni tronium ion 
attack at the sites ipso and meta to the bromo and 
-
chloro-substituted positions whereas fluoromesitylene 
undergoes attack only ~ to the fluorine atom" This 
trend may .be rationalised in terms of electronic and 
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steric stability of the relevant transition states 
although it is not possible to ascertain the relative 
importance of each effect. The results suggest (p.46) 
:f\1e Me 
Me 
LVI LVII 
Me Me 
M 
LVIII LIX 
that the transition statesleading to (LVI and LVII) are 
of a comparable stability as both ipso and~ attack 
are observed in the nitration of chloromesitylene. 
However, (LVIII) is unstable relative to (LIX) judging 
by the product distributions because only ~-nitration 
is observed for fluoromesitylene. The. relative 
electronic stabilities of the ions (LVI, LVII) and 
(LVIII, LIX) are expected to be_similar because in all 
cases the positive charge acquired .in the ring is con-
centrated at the methyl-substituted ring carbons.- The 
substituent (For Cl), located one bond away will have 
a minor resonance electronic effect as it is unable to 
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stabilise any of the ions by the spreading of positive 
charge. Inductively, however, the fluorine atom is 
able to polarise a C-F bond more than the chlorine atom 
112 polarises a e-el bond and, consequently, the ring 
carbon ipso to the fluorine atom of fluoromesitylene 
107 
may carry a greater positive charge than the corresponding 
carbon in chloromesityleneo Therefore, it is expected 
that less i_Eso-nitration will occur at the halo-substituted 
position of fluoromesitylene due to greater electrostatic 
repulsion between the approaching nitronium ion and the 
slightly positively charged ipso reaction site. 
Ion (LVII) possesses a chloro-substituent and two 
adjacent methyl groups all of which lie in one plane, 
whereas ion (LVI) has a non-coplanar chlorine atom. 
The amount of strain associated with the three adjacent 
substituents in (LVII) is difficult to assess although 
calculations of the heats of reaction for the isomer-
isation of iso-propylbenzene to hemimellitene and 
mesitylene in the liquid state at 25° (Table XXIII) 
indicate there is an extra 5 .. 04 kJ/mole required to 
form hemimellitene. This is due,presumably, primarily 
to the steric interactions between the three adjacent 
methyl groups in hemimelliteneo The strain in (LVII) 
will be less than 5,.04 kJ/mole judgingby the relative 
van der Waal radii (Table XXIV) and the ste.ric sub-
stituent constants (Table XXV) for a chlorine atom and 
a methyl group. 
Hemimellitene 
l\1esi tylene 
Table XXIII 113 
J!.H isom. { kJ/:nolel 
+ 
-20.2 - 0.9 
-25.2 + 0.9 
Table XXIV 114 
Van der Waal radii of some nonmetallic atoms (Angstroms) 
F 1.35 
Cl 1.80 
Br 1.95 
Me 2.0 
Steric substituent constants relative to F 
F 
Cl -0.31 
Br -0.49 
Me -0~49 
The relative steric substituent constants and van 
der Waal radii for F and Cl suggest there is greater 
strain present in {LVII} than (LIX)o Consequently, 
it is expected that the drive to reduce steric strain 
will be greater in the case of chloromesitylene. 
"-
Provided the transition state is not so farr advanced 
as to lead to prohibitive steric interactions between 
the entering nitro group and the chlorine atom, this 
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strain may be relieved to some extent by the formation 
of a tetrahedral centre at the chloro-substituted ring 
position (LVI} which pushes the chlorine atom out of 
the plane of the adjacent methyl groupso Attack of 
nitronium ion meta to the chloro-substituent leads to 
(LVII) in which none of the strain is relievedo Judging 
by the van der VJaal radii and steric' substituent con-
stants (E
8
) for bromo and ethyl groups, the drive to 
relieve steric strain will be greater for bromo and 
ethyl-mesitylene than chloromes.itylene - E for the 
s 
ethyl group is -0.07 relative to the methyl group o.oo. 
This is in accord with the observed order of ipso-
nitration at the non-methyl substituted mesitylene 
ring positions; Et > Cl >F. 
A similar explanation has previously been used 
·.to explain the rapid rate at which (LXI) is observed 
(LX) (Rl = R2 
(LXI) (Rl = R2 
(LXII) (Rl = R 3 
- R3 
= Me, 
= Me, 
= H) 
R = 3 
Ra= 
H) 
H) 
Sil\le 3 
to undergo protodesilylation. (LXI)) is expected to 
react 335 times faster than (LX) but it is found to 
t d '1 1 t 3 530 . .. 1 1 116 pro·o es1 y a e , t1mes more qU1C< y • The 
slow step in protodesilylation involves the formation 
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of a tetrahedral centre at the SiMe3 substituted ring 
position pushing the SiMe3 group out of the plane of 
the two neighbouring methyl groups (in the case of LXI) 
and relieving the steric strain present in the reactant 
molecule. In the case of (LXII), less steric strain 
stands to be relieved and in accordance with this, 
(LXII) reacts only 417 times faster 'than (LX), close 
to the calculated rate;16 
In this work however, any steric acceleration will 
be considerably less than that observed in the proto-
desilylation studies: (i) because the leaving group, 
Sirvte3 , is larger than Cl, Br or Et and ( ) because 
the attacking species, H+ is smaller than N02+ 
As mentioned previously, it may be misleading to 
compare the product distributions obtained from reactions 
involving ~so-nitration at ring positions bearing sub-
stituents of different leaving abilityo Therefore, the 
failure to observe any .iE~;?.-ni tration at the fluoro-
substituted position of fluoromesitylene may be due to 
loss of.N02+ from (LVIII) before subsequent reactions 
leading to recognisable ipso-products can occuro 
However, on the basis of the relative leaving abilities 
of Cl + and Et + 12, it seems probable that N02 + will leave 
Me 
LXIII 
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(LXIII) more readily than (LVI) and therefore, if 
reversibility of iESO attack were an important factor, 
it is expected that the chloro-substituted position of 
chloromesitylene would exhibit at least as ~uch iEs2-
nitration as the ethyl-substituted position of ethyl-
mesitylene .. The results show that this is not so. 
The analogous series of methoxy.compounds (LXIV, 
OMe 
LXIV Me 
X = Br, Cl, F) show the same trenqs as the mesitylene 
series. The fiuoro derivative gives no products 
arising from i£so·-ni tration at the fluorine--substituted 
position; the chloro derivative gives 25% (chloro-
mesitylene 20%) and the bromo derivative a significant, 
but incalculable amount of }pso-nitration products. 
Similar reasoning may be used to rationalise these 
results. 
Other nitrations 
Other compounds nitrated in this work exhibit 
varying degrees of ips~-nitration at methyl-substituted 
ring positions. The toluenes (LXV, X '!;'.: Ol'-"ie;Br ,OAc) 
LXV ·~ 
undergo nitration iEso to the methyl group as well as 
subs·tantial 'amounts of nitration at the unsubsti tuted 
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ring positionso The transition states arising from 
attack .ipso, £rtho, meta and par a to the X- substituent 
lead to the ions (LXVI - LXIX) all of which have some 
positive charge located either at the methyl or X-
substituted position. The relative electronic stability 
Me Me 
~ b+ 
Me 
LXVII LXVI 8+ / 
/ 
r 02 
I 
&.~- .,. , ..... &+ 
LXVIII LXIX 
of these ions will, therefore, depend to a large extent 
on the ability of the X group to enter into resonance 
with the ring and disperse positive charge. The methoxy 
group is well able to spread charge in this way and those 
ions (LXVII, LXIX) which place positive charge on the 
X-substituted ring position will be favoured most in 
the case of pa~-methoxytoluene. Accordingly, the 
only products obtained from the nitration of para-
methoxytoluene in nitric acid-acetic anhydride arise 
from nitronium ion attack at the ring positions orth£ 
and para to the methoxy group. 
~-acetoxytoluene undergoes nitration ortho, meta 
and para to the acetoxy derivative. Ipso-nitration is 
not observed presumably because the acetoxy function is 
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sufficiently bulky to.render such attack-unfavourable. 
Not all the products of ptO:...§;-bromotoluene nitration 
were isolated and identified. Nitration certainly 
occurs ortho and ~~ to the· bromo substi tu~nt. No 
compounds arising from ipso or meta-nitration were 
isolated although the possible formation of a dibromo 
compound suggests nitration ,i_Eso to ~he bromine atom 
by analogy with bromoinesitylene (page 93), 
Nitration of 3,4,5-trimethylacetanilide gives 
3,4,5-trimethyl-4-nitrocyclohexa-2,5-dien-1-one as the 
major product, This may arise e~ther by the normal 
pathway (A) or via path (B) involving the formation o:f 
an imine (LXX) and its subsequent rapid hydrolysis. 
Me 
Me 
·Me 
NO +/MeOC YoAc-
e 
NHCO"f\1e 
Me · N02 
e M 
path A 
Ac~ath z:::B 
Me 
tAss 
e 
NO 
. 2 
Me 
LXX 
Scheme (X.'<VI) 
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Such imines undergo hydrolysis very easily with water 
and are seldom sufficiently stable to be isolated 11~ 
Although Ac2rm is released during reaction via path (A}, 
this does not help distinguish.it from path (B) because 
this side product will probably escape detectiono 
Under the reaction conditions used, Ac2NH is likely to 
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be converted to acetic acid by protopation and hydrolysis. 
at:i.ons 
The aim of this section is (i) to study the effect 
on the rate of ~-nitration at the central methyl 
group in the series (LXXI, X = F, 
Me 
Me~Me 
H, Br, OAc, OMe, NHAc) 
LXXI 
and (ii) to study the effect on the rate of ipso-
nitration at the methyl group par~ to the acetate 
function in the series (LXXII) 
Me 
Me J'vle • 
He 
Me 
The nitration reactions are all very rapid and 
measurement of the rates o.f each individual reaction 
may not be of sufficient accuracy to show up the rate 
differences. For this reason the reactions.were run 
as competitions between pairs of compounds and in this 
way· rate differences showed up markedly. As ipso-
nitration occurs at ring positions bearing the same 
sub~tituent (methyl group) throughout the two series, 
any difficulties associated with the possible revers-
ibility of ipso-nitration are likely to be minor. 
The first step in the nitration reaction is either 
!£so-nitration or normal nitration of the aromatic com-
pound. Therefore, the relative rate of disappearance 
of the two compounds in any particular competition 
.reaction reflects the rate at which these compounds 
undergo nitration UJ?_S£ arid normal) relative to each 
othero Provided it is possible to determine ~he extent 
to which each compound undergoes ips~-nitration, the. 
relative rate of disappearance will allow a measure of 
the relative rate of IEso-nitration. Analysis of the 
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product mixtures obtained from the competition nitrations 
between acetoxyhemimellitene and bromohe~imellitene (p.SS) 
and acetoxyhemimellitene and hemimellitene (p~56) show 
.in both cases that these compounds are each reacting to 
give the same proportion of .iJ2SO product ( dienone) in 
competition as given when nitrated in isolation. The 
same .is assumed to apply in the other caseso Thus, all 
the 5-substituted hemimellitenes, except methoxy, undergo 
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nearly the same amount ( 65%) of ips9-nitration. (Table X.'0/I) 
Table X:XVI 
-
5-X-hemimellitene 
X = F 67 
OAc 72 
Br 65 
NHAc 55 
OMe 31 
H 33 
A competition 11,i tration reaction between two sub-
+ strates competing for the same reagent (N02 ) gives 
meaningful results only the reaction is first order 
in substrate and if the_reaction of N02+ with one of 
the reactants does hot affect the reaction of N02+ with 
the other reactant. Provided these conditions are met, 
the ratio (r) of specific rate constants can be calculated 
. 118 ... 119 from the equat1on:- ' 
. . . log of fraction of reactant A rema1n1nq 
r = log of fraction of reactant-rl~ining 
It is important that the ratio of concentrations of both 
reactants is uniform throughout the reaction mixture. 
This is helped by vigorous stirring of the reaction 
mixture and can be tested by making determinations of 
r in which the initial ratios of concentration of reactants 
are varied. If r remains constant, the mixing is adequate. 
This was found to be the case, for when hemimellitene and 
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acetoxyhemimellitene (2:1 molar ratio) undergo competitive 
nitration, the ratio of rate constants stays at 18:1o 
The figures calculated for r are not as important 
or as accurate as the trends they showo vl]tlen the ratio 
of rate constants is greater than t~n it becomes diffi-
cult to gain an accurate figure for r because a great 
deal of the more reactive competiti~n species disappears 
before any si0nificant change is noticed in the concen-
tration of the less reactive competitoro When r is 
greater than 30 it is not possible to detect any accurate 
change in concentration of the less reactive species 
before essentially all the reactive compound disappears. 
Consequently, attempts to plot the competition reaction 
between, for example E~-acetoxytoluene and 4-acetoxy-
_2-xylene lead to unsatisfactory graphs and the only 
conclusion in such a circumstance is that 4-acetoxy-
_2-xylene is reacting over thirty times faster· than ,Eara-
acetoxytolueneo 
·The relative rates of nitration obtained from the 
hemimellitene series should allow an estimate of the rho 
value for ipso-nitration to be made. 
log kH 
k 
log X ~ 
log r 
log r 
= 
?c--: + constant 
p CJ""i:.r +·constant 
cr~) + constant. 
= f. ( cr~ <r~) + constant. 
= ,..,...+ + constant. P'-~ X 
Since 
k 
As X r = ~ 
+ 
<:rH ::: 0 
A plot of log r v tt"~· ·will therefore be a straight line 
X 
of slope p. Unfortunately, the r value was obtained 
+ + 
only from the bromo (~ = + 0.15), acetoxy (cr =+0.16) 
P-13.- P-oA<. 
and fluoro (rr+ = -0.07) hemimellitenes relative to 
P-F 
hemimellitene (cr:r = 0.00) ·and consequently, such a graph 
is not very reliable because there are effectively only 
three points on it. 5-Methoxyhemimellitene (~+ = -0.78) 
P-o"""" 
and 3,4,5-trimethylacetanilide (~+ = -0.75) 120 react so 
P-IOo!KAt. 
much more rapidly than hemimellitene that a value of r 
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was unobtainable by the competition technique. Therefore, 
while it is certain that the rate of !£~~-nitration at 
the 2-substituted position of hemimellitene is very 
sensitive towards substituent changes in the 5-position, 
the exact p value for the reaction is not known although 
the graph below suggests this value lies between 8 and 12. 
1.0 
Flz 
o.o 
~ 
0\ 
0 
r-1 
-1.0 
""' 
+0.05 o.oo 
+ 
ITX 
-0.05 -0.10 -0.15 
The addition of an extra methyl group ortho to 
the site of i£so-nitration in the series (LYvXII,p.l14) 
increases the rate qf ~so-nitration sufficiently to 
make an accurate measurement of r impossible., Thus 
4o.acetoxy-_£-xylene reacts much more rapidly (r>30) than 
Eara-ac~toxytoluene and 5-acetoxyhemimellitene reacts 
much more rapidly (r)30) than 4-acetoxy-£-xylene. 
These results are consistent with the fact that the 
extra methyl group ortho to the site of }Es~-nitration 
in both cases strongly activates this position towards 
electrophilic attack. This is reflected by a large 
rate increase in this substituent-sensitive reaction. 
Acetoxyprehnitene reacts 7 times faster than 5-acetoxy-
119 
hemimellitene, consistent with a + value of 12 (~ = -0.07). 
m 
The most important point to emerge from the work 
in this section is that, provided ~12s~-nitration occurs 
via a transition state of comparable stability to that 
of a "normal" nitration, it may be expected that both 
.!Esc-nitration and normal ring nitration products will 
be formed. It ~s e:>-.rpected, therefore, that ipso products 
will be formed from the nitration of many aromatic 
compounds in nitric acid-acetic anhydrideo The fact 
that "anomalous" nitration products in this n<edium have, 
in the main, been discovered only recently may be due 
to workers. using the method ·simply as a means of preparing 
nitro-substituted aromatic compoun'ds and using isolation 
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techniques that leave the other nitration products such 
as side-chain nitro compounds and aryl acetates undetected. 
It is noticeable in some cases that quite low yields of 
nitro compounds have been obtainect 12 ~ sugg~sting that 
some ip_so products may have been formed but not isolated. 
Hea.r.~ti~ of diene and dienone intermediates 
'l'he dienone intermediates isola.ted in this thesis 
(LXXIV - LXXX) rearomatise to give nitrophenols. The 
MeO 
LXXIII 
---
LXXVI 
M 
0 
LXA.'VIII 
Cl NO 
.. 2 
LXXIV 
OMe 
Me 
LXXIX 
Me 
l>1e 
. LXXV 
-
LXXVII 
Me 
LXXX 
isomer of diene (LXXIII) isolated from the nitration 
of pa~a-diethylbenzene undergoes rearornatisation in 
aqueous acetic acid to give acetoxy-£-diethylbenzene 
in an analogous way to the diene adducts isolated from 
. . 
Dienone (LXXVIII), isolated from the 
nitration of methoxymesitylene, is stable for several 
months at 0° and decomposes at 150° by loss of the 
nitro group to give mesitol presumably because the 
positions most favoured towards nitro attack (ortho 
and para to the oxy function) are blocked. In all 
other cases there is at least one·unsubstituted ring 
position ortho to the oxy function and ortho-nitro-
phenols are the favoured rearomatisation productso 
Dienones (LXXIX, LXXX) rearrange cleanly under most 
conditions and an investigation of the rearomatisation 
mechanism was carried out in this thesis. 
Four rearomatisation mechanisms have previously 
b d 122 ( . ) een presente scheme XXVII • In reaction( 4),. 
which is totally intramolecular, the-nitro group 
either migrates around the ring or is trapped in a 
solvent cag~ and reattacks the ring before_ii is able 
to "escape 11 from this cage. Reactions (1) - (3) are 
intermolecular and the nitro group is free to react 
with introduced species provided they are of sufficient 
reactivity. Therefoie, addition of an external source 
f N15(N 15 . }. h . d; t '11 o aN o2 .· to t e rearrang~ng ~enone sys ·em w1 
enable a distinction to be made between the intra- and 
' . 
intermolecular rearomatisation mechanisms. If tlie 
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0 o· OH 
Me N02 ·Me 
Me 
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OH 0 0 
Me No2 
Me Me 
R Me e 
___...;;... (3) 
0 
Me Me 
Me 
~·~ ( 4) 
0 2N 
0 OH 
R = H,Me Scheme (XXVII) 
rearrangement is totally intramolecular, none of the 
external N15 will be incorporated into the product(s) 
(nitrophenol(s) ) whereas an intermolecular reaction 
15 is expected to lead to N incorporation among the 
products as a result of nitrogen scrambling between the 
free nitro g~oup and the N15o2 - or possibly by direct 
122 
123 
reaction 15 -between N o2 and the ring. 
The rearrangements were carried out in methanol. 
This chosen as the most suitable 123 the was solvent on 
basis of the following criteria. Firstly, the solvent 
must be able to dissolve both the dienone and N15 
sodium nitrite; secondly, the rearrangement must go 
cleanly; thirdly, the solvent must be inert and fourthly, 
the reaction t:i.me for > 959'o rearomatisation should be 
neither too short (<four hours) nor too long (')two to 
three weeks)o 
The results show {Table XII, XV po58 and 60) that 
both dienones rearrange to nitrophenols with accompanying 
NlS · t · 1' t th t 11 . t 1 1 ~ncorpora 1on ru 1ng ou · e ota .y 1n ramo ecu ar 
rearomatisation mechanism (4). As most rearrangements 
are performed using a 1:1 molar ratio of dienone:N15 
nitrite, there is expected to be an equal amount of N15 
enriched and unenriched product if the reaction is 
totally intermolecular and provided one released N14 
nitro group undergoes nitrogen exchange with one N15 
nitrite iono In that case the N15!N14 ratios in tables 
XII and XV will be unity but these ratios are actually 
0.42 and 0.18 for the dimethyl dienone and trimethyl 
dienone respectively. Such N15 incorporation results 
show only that the dimethyl dienone rearrangement in-
corporates significantly more of the available N15 • 
The t mechanism 
The kirl.etic studies indicate {Tables XVIII and XIX, 
124 
p. 62) that the rearrangements are first order in 
dienone and insensitive to the addition of nitrite ions. 
Thus the slow step of the rearrangement involves only 
the dienone and, as the rearrangement is known to be 
intermolecular to some extent, probably involves the 
cleavage of the dienone into a nitro fragment and a 
corresponding ring fragment. The nitro group may be 
released either as a nitrite ion, free radical or 
nitronium ion and on the basis of the following evidence, 
the most likely species is the nitronium ion. 
If the first step in the rearomatisation involves 
cleavage of the dienone into nitronitm ions and the 
corresponding phenoxide ions then an introduced species, 
provided it is sufficiently activated, will trap some 
of the free nitronium ion to give a cross-nitration 
product. This prediction was tested by rearranging the 
dimethyl dienone in the presence of an equimolar amount 
of 3,4,5-trimethylphenol. This gave a mixture of nitro-
phenols of which 36% was the cross-nitration product, 
2-nitro-3,4,5-trimethylphenol. Doubling the amount of 
available 3,4,5-trimethylphenol increased the cross-
nitration to 45% and the addition of further quantities 
of the phenol did not significantly alt~r the proportion 
of cross-nitration product. Halving the concentration 
of 3,4,5-trimethylphenol halved the amount of cross-
nitration., These results are discussed later. Cross-
nitration was also observed between the dimethyl dienone 
( 
125 
and resorcinol (1,3-dihydroxybenzene) and phloroglucinol 
(1,3,5-trihydroxybenzene). This evidence does not rule 
out the possibility that the nitro group is released from 
the dienone as a free radical because this species is 
. . 124 
also able to attack aromatic substrates ·. but the 
evidence does rule out the possibility that the dienone 
cleaves to release a nitrite ion as such a species is 
unable to nitrate 3,4,5-trimethylphenol under the re-
~· . 
arrangement conditions, This was shown by allowing a 
solution of 3,4,5-trimethylphenol and sodium nitrite in 
methanol to stand for two weeks dur:i,ng which time no 
reaction occurred. Nitrite ion release is also ruled 
out by the highly sensitive Griess-Ilosvay test which 
is capable of detecting nitrite ion concentrations as 
125 low as 1 mg./1. However, samples taken from a tri-
methyl dienone rearrangement at time interva,ls ranging 
from 30 seconds to. 5 days after the start of the.reaction 
all gave negative Griess-Ilosvay tests. Similarly; 
sampies taken from a: dime:thyl.dienone rearrangement 
between 30 seconds and 1 day after the start of rearomat-
isation contained no nitrite ion by the Griess-Ilosvay 
test, 
The possibili:ty of the nitro group being released 
as a free radical is 6onsidered unlikely because no 
significant rate enhancement results 1·\Then the rearrange-
ment conditions· ·are altered to favoux a free radical 
mechanism. Thus performing the rearrangement under 
.. •'. 
ultraviolet light or in the presence of dibenzoyl 
peroxide does not change the rate of rearomatisation 
or the rearomatisation products. Other factors not 
considered favourable to a free radical mechanism are 
the polar solvent methanol, which is more favourable to 
ion formation, and the low temperature at which the 
reactions are run. Free radical reactions are favoured 
by elevated temperatures. 
The reaction mechanism suggested by this study is 
outlined in scheme XXVIII. 
e 
slow 
0 
LXXXI 
Me 
k1 
Me 
R Me 
+ N15 
OH 
Me 
0 
+ 
Me 
+ + N02 
enriched sample 
-
fv1e 
e 
OH 
no N15 incor-
poration 
Me 
N150 
OH 
2 
!=:~hPmP (XXVIII) 
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This mechanism explains the results summarised on 
.P. 64. The fact that the trimethyl dienone (LXXXI, 
-6 . -1 R = Ivle) rearranges more slowly, k = 3.7 x 10 sec , 
than the dimethyl dienone (LXXXI, R =H) k = 7.0 x 10-5 
sec-
1 
can be rationalised as follows. During the slow 
step, the ring carbon originally bearing both the nitro 
and methyl groups changes from a tetrahedral "sp311 
centre to a planar "sp2n centre. Therefore, as the 
nitronium ion is leaving, the .;ir:so-methyl group swings 
into the plane of the aromatic ring encountering greater 
steric hindrance as it does so from the two adjacent 
methyl groups of the trimethyl dienone than the single 
adjacent methyl group of the dimethyl dienone. The 
magnitude of this extra steric interaction can be estim-
ated from the calculated heats of combustion of hemi-
mellitene and pseudocumene in the liquid state at 25° 
which indicate about 3.4 kJ/mole extra strain in the 
hemimellitene molecule. 126 This is presumably caused 
primarily by the greater steric requirement of the extra 
methyl group flanking the c2 position of hemimellitene. 
There is less N15 incorporated into the rearrange-
. · lc 14 
ment product of the trimethyl dienone (N J/N = 0.18) 
'· 
than the dimethyl dienone products (N15;N14 = 0.42) 
primarily because the trimethyl phenoxide arising from 
dienone cleavage carries an extra methyl group which 
activates the ring more strongly towards electrophilic 
attack by nitronium ion; less nitronium ion will 
~ 
escape the trimethyl phenoxide to enable nitrogen 
127 
scrambling reactions to occur. In other words, the 
ratio of k 2 :k3 is, as expected, greater for R = Me than 
R = H {scheme XXVIII). 
As the factor determining N15 incorporation is 
apparently the relative magnitude of k2 and k 3 , it may 
be·expected that doubling the amount of available N15 
will double the N15 incorporation and halving the amount 
. 11 1 d t d. d ' NlS · w~ ea o a correspon ~ng ecrease ~n 1ncorpor-
at ion. The latter is found to be the case but doubling 
the N15 concentration only slightly increases the N15 
incorporation suggesting that scrambling may pot be a 
simple 1:1 reversible exchange of N15 between nitronium 
15 -ion and N o2 o The information available concerning 
the reaction between ni tronium and nitrite ions. shows 
that they react rapidly and irreversibly to forui NO+ and 
- 127-130 . N03 by the transfer of an oxygen atom. N~troso 
128 
and nitrate ions may undergo further reaction· ~o form-N 2o4 • 
:o 
+ 
.. ,. ~-· ., 
O::N N 0• 
.. ~-~ / - . 
_0 . 
. .• 
. ·_ 0 . . 0 /:·~- /-· ··~ # ~ ~ ~ • 
"":'o N · ·. + ·· ·· + •· .. _ 
u- · N=O~O.=N N-0: 
- .. ~ c;--/ . .. .. ~ 0/ .. 
LXXXII 
·scheme (XXIX) 
The Longuet-Higgins structure of N2o4
131 then cleaves 
to give either two nitro radicals or to form ionic 
species and the polar solvent in which the reactions are 
run favours ion formation. These ions wil~ necessarily 
be the nitroso and nitrate ions because if nitronium and 
129 
nitrite ions form the overall effect will be a reversible 
reaction 
·. 127 
which is not in agreement with experJ.ment. Therefore, 
the scrambling reaction may best be represented as 
NO + 
2 + N
15o2- _.,.NO+ + N
15o3 - .:;;;F: N
15o"'" +'- N0
3
- o 
phenol leading to N15 enriched products Nitration of the 
+ occurs, not by N02 , but by nitrosation and oxidation. 
(scheme XXX) 
Me Me Me 
R Me R e 
R. 
.Me 
+NO+ [o] 
> 
0 
OH OH 
Scheme (XXX) 
The requirements for C-nitrosation are (i) a nucleui 
.that is strongly activated towards electrophilic attack 
and (ii) the presence.of a nitrosattng species~32 , 133 
02 
The second requirement is clearly satisfied. The first 
condition is also met because phenols are among the few 
~ ' 
aromatic compounds sufficiently activated towards ele.ctro-
philic attack to undergo nitrosation: 5 
This suggests that release of a nitronium ion from 
' 15 -
·the phenoxide allowing scrambling w:ith N o2 will not 
lead to an N15 incorporation product unless the nitroso 
and nitrate ions undergo scrambling before the phenoxide 
( h ] } . h th N14 't . or p eno. reacts w1t e n1 roso 1on. Thus the 
15 
amount of N incorporation is dependent on the relative 
magnitudes of k 5 and k 6 (scheme XXXI) as well as k 2 and 
1<:3 (scheme XXVIII). Neither k 5 nor k 6 (scheme XXXI) 
Me 
R e R 
- (H) 
N15o+ + NO -3 
Scheme (XXXI) 
is known but it should be mentioned that if k5 ) k 6 , the 
15 
. . f' '1 b b N 1ncorporat1on ·1gures w1 1 e low because the a ove 
situation will then arise; i.e. some of the N14 nitroso 
ions will be trapped by phenoxide (or phenol) before they 
are able to undergo nitrogen exchange with the N15 
enriched nitrate ions. This leads ultimately·to iso-
130 
topically unenriched. nitrophenols via an intermolecular 
reaction mechanism. 
The trend in N15 incorporation with ch~nging N15 
nitrite concentrations may also be explained in terms 
of scheme XXXI. 15 -Increasing the N. o2 concentration 
makes more unenriched nitroso ions available for either 
nitrogen scrambling or attack by phenoxide. 
the majority of extra nitroso ions will be removed by 
reaction with the phenoxide leading· to little "overall 
increase in the ~~S incorporation. Furthermore, the 
131 
N15 incorporation will also depend on the rate of proton-
ation of the phenoxide. The longer the phenoxide life-
time, the greater the likelihood that it will trap 
nitroso ions before N15 scrambling can occur as phenoxides 
are much more activated towards electrophilic attack than 
the corresponding phenols. 
Protonation of phenoxide is also a relevant factor 
in determining the extent of cross-nitration observed 
when the dimethyl dienone rearomatises in the presence 
of 3,4,5-trimethylphenol. The cross-nitration figures 
show a similar trend to the N15 incorporation results 
. . 15 
and as in the case of N incorporation~ cross-nitration 
is dependent on the rates of several competing reactions. 
(scheme XXXII). The fact that cross-riitration occurs 
at all suggests that some of the nitronium ion is com-
peted for by.di- and trimethylphenol with the rest of 
the nitronium ion being trapped by dimethylphenoxide. 
Me 
Ivle 
:t-1e 
Me 
Me 
Me + 
+H 
Me 
__.)>1e 
0 
OH 
Scheme (XXXII) 
As the o- function activates the ring towards electro-
+ 134 philic attack much more strongly ( cr est. - 1. 7 ) than 
P-o-
132 
the OH group (cr+ = -0.92), it is expected that. competition P-ot-~ 
+ . for N02 between a trimethylphenol and a dimethylphenoxide 
will be in favour of. the phenoxide and little or no cross-
nitration will be 6bserve~ in such a case. The observed 
significant amount of cross-nitration suggests either 
that the dienone itself is protonated before cleavage 
to liberate the dimethylphenol directly or that the 
phenoxide is protonated rapidly once formed. The first 
suggestiort is unlikely as only a weak acid, methanol 
pKa = 16 135 , is available to protona,te the dienone which, 
judging by the amounts of acid required to protonate 
similar compounds, does not possess a particularly basic 
136 
oxygen atom .. In contrast, 3,4-dimethylphenoxide is 
133 
a strong base, . . 137 pK (phenol) = 10.3 in aqueous solut1on , 
a 
and is able to undergo protonation with methanol or any 
small amounts of water that may be present in the methanol. 
Overall, the cross-nitration figures are very dependent 
on the relative magnitude of k 7 and k 8 (scheme XXXII). 
If k 7 >) 1<8 , the nitronium ion is competed for by tri-
methylphenol and dimethylphenol and a large amount of 
cross-nitration is expected. 
cross-nitration is expected. 
If k 7 <.< 1<.8 , virtually no 
The results suggest that 
the relative magnitude of k 7 and k 8 is somewhere between 
these two extremes. 
As mentioned previously, compounds similar to the 
dienones such as cyclohexanones, require a fairly acidic 
medium in order to achie~e half-protonation; e.g. 
anthrone requires 65% by weight sulphuric acid and cyclo-
h . .79~ 136 f . exanone requ1res ~. In order to ollow the ~1enone 
rearrangements by n.m.r., it was possible to have only 
7-8% acid. {perchloric) present otharwise the spectra 
became poorly resolved. Therefore, of the dienone 
presen~, the majority is unprotonated and will undergo 
rearrangement in the normal way by scheme XX\TIII. ·· For 
the small amount of protonated dienone, the nitronium 
ion is leaving from a positively charged species (LXc"<:XIII, 
scheme XXXIII) ·in the slow step and the rearrangement is · 
exp~cted to occur more rapidly .. This is seen to be 
Me N02 
Me N02 Me 
f'.1e · +H+ e 
+N02 
LXXXIII 
0 / OH Me 
Me-
OH Scheme {XXXIII) 
the case .. Table XX (p.63) shows a comparison between 
two rearomatisations of dimethyl dienone; one run with 
7% perchloric acid present and the other with no acid 
present. The important point is the immediate drop in 
dienone concentration in the rearrangement run in the 
presence of perchloric acid. This corresponds to 
protonation and subsequent rapid rearrangement of the 
dienone. Thereafter, the two reactions parallel each 
other closely because all the acid has been used. The 
acid is not regenerated after the dienone rearranges 
(scheme XXXIII) and the reaction.-cannot truly be called 
an acid catalysis. 
It is unlikely that,complications arise from side 
reactions. The only possibility appears to be reaction 
between the nitronium ion released from the dienone and 
. 138 139 
methanol to form methyl nJ.trate. ' Although this 
+ 
reaction is thirty times faster than.the benzene-N02 
reaction140 , it takes twenty minutes at room temperature 
134 
+ 
135 
in 4 mol .. 1-1 nitric acid and nitromethane to attain 
50 ([1 1 . 139 7o comp et1on and is expected, therefore, to be 
insignificant compared to the very rapid reactions with 
which it is competing in this system. 
The study of the rearrangements of 3,4-dimethyl-
4-nitrocyclohexa-2,5-dien-1-one and 3,4,5-trimethyl-
4-nitrocyclohexa-2,5-dien-1-one to their corresponding 
nitrophenols has established that these are intermolecular 
reactions involving heterolytic splitting of the dienones 
into phenoxide and nitronium ions. The free nitronium 
ion subsequently attacks a phenoxide or phenolic species 
at the position of highest electron density to give the 
nitrophenol. The details of the N15 scrambling mechanism 
are speculative to a degree but it is quite probable that 
the N15 enriched products arise by nitrosation .. 
Certainly the NO+ ion will be formed irreversibly as a 
+ 15 -result of reaction between N02 and N 0 2 by the 
oxidative tr an sf e r of an oxygen a tom •12 7 Any change of 
reaction mechanism brought about by the addition of 
nitrite ions will go undetected because the slow step 
of the rearrangement remains the cleavage of the dienone 
and any subsequent steps have no effect on reaction rate .. 
The reastive spe~ies i~ nitric acid-acetic anh~d~ide 
Throughout this thesis the nitrating species in 
nitric acid-acetic anhydride has been represented as 
the nitronium ion, N02+, and all nitrations carried out 
in this medium to date are explicable in terms of N02+ 
as nitrating species. In fact, the nature of the 
nitrating species in nitric acid-acetic anhydride is not 
certain; protonated acetyl nitrate or nitronium ion 
solvated by acetic or nitric acid have aJ:so been 
suggested at various times. 
136 
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